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f ROB^ vm« To. caufe a pail full of water to bt'fupparted 
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fdgeofataàk ^ ^ - - ..- - - -. .4^ 
VOL, 1I| It 






■\ 



D CONTENTS, 

f ROB. iXf To bold ajlick upright on the tip of the finger^ 
without its being able to fall - - -, -, - 14 

fKOB. X. To conftruct a figure which without any coun* 
terpoife Jhall always ratjfi itfelf upright^ and keep in 
that pofitionj or regain it, however it may be dijlurbed 1 5" 

f |IQ^. XI. If a rope ACBy to the extremities of ivhich 
(ire affixed the given weights P and Q, be made to pafs 
over two pullies A and Ji ; and if a weight R be fuf- 
fended from the point C, by the cord RC\ what pojitian 
luiil be a/Tumcd by the three weights and the rope 

ACB? - - - - - - - - - - 16 

f R05. XII. Calculation of the time which Archimedes 
would have required to move the earthy with the mà^ 
chine of which hefpoke to Hiero ----- 18 

ritOB. XIII. With a very (mail quantity of water J fuch 
as a few poundsj to produce the effect of feveral thou» 
fands ----------20 

fwo other methods of performing the fame thing - «21 

)>ROp. XIV. To find the weight of a cubic foot of water 2X 

fRQB. XV. Two liquors being given \ to determine 
which of them is the lighte/i ------ 24 

ilules for calculating the abfolute gravity^ in Englijh 
Tfoy weighty of a cubic foot and inch^ Englijh mea^ 
furC'i of ony fuhfiance whofe fpecijic gravity is inaivn 2J 

f ROB. XVI. To determine whether a mafs of gold or fiher^ s 
fufpected to be mixedy is pure or not ^ - - - 29 

fROB. XVII. The fame fuppofition madèy to determine the 
quantity of mixture in the gold - - - .y - 31 

fRoç. xvni. Suppofe there are two boxes exactly of the 
fame fize, fimilar and of eaUal weighty the one con-» 
iaining gold and the other filver : is it pojftble by any 
mathematical means to determine which contains the 
gold and which the filver ? or, if wefuppofe two balls 
th^ one madi of gold and hollow^ the other of jàlid River 
gilt, is it poJJSble to dijlinguijh the gold from the fther? 33 

fROB. XIX. Jwo inclined planesy AB and ADy being 
giveny and two unequal fphcr es, P an4^\ to bring 
them to an equilibrium in the angUy aifeen in the figure yf 

ftROB. XX. Two bodies P and ^departy at the fame timey 

from two points A and B of two lines given tn pofitioHy 

and move towards a and b, with given velocities : re^ 

q^red their pofition when they art the m^téfi to each 

qlih^ poffibU ?^ T T ■-? T ■" r^ r r J^ 



^. ' 



^ CONTEft-S. 

^KOB. xxt. To caufe a cylinder tofuptort itfelfon û tlant 
incUmd to the horizon^ without rolling down ; ana even 
Jo afcend a little along that plane . - . . ^ ^6 

rKOB. XXII, To conjhru^ a cUcij luhich Jhall point out 
the hours by rolling down an inclined plane ' * • 39 

jpROB. XXIII. To conJlruSl a drefs by means of which 
it will be impojfthle to fink in the water ^ and which 
/hall leave the perfon who wears ity at full freedom! to 
make every kind of movement / - - - - - 40 

PROB. XXIV, To conftruH a boat which cannot befunk^ 
even if the water Jhould enter it on all fides - • 42 

PROB. XXV. How to raifefrom the bottom of the fea a 
veffil which has funk -<-•.-..„ ^4 

JDefcription of the camel, a mflcbine employed by the Dutch 
for carrying vefjels heavily laden over the fand banks in 
the Zuyder Zee -------*4^ 

PROB. XXVI. To make a body afcend, as if ofitfelf along 
an inclined plane, in confequence of its own gravity - 4c 

PROB. XXVII. To conjlruéi a clock with water <* - 50 

PROB. XXVIII. /I point being given and a line not hori* 
zontal, to find the pofition of the inclined plane along 
which if a body dejcend^ fitting out from the given 
pointy it Jhall reach that line in the leafi tinn - - 5^ 

PROB^ XXI X, Two points A and B biing given^in the fame 
horizontal Une: required the pofition of two planes AC 
and CB offuch an inclination, that two bodies defcendl 
ing with accelerated velocity from A to C, and then 

/ending along CB with the acquired velocity, Jhall da 
in the leaft time pojjible ------ 54 

PROB. XXX. If a chain and two buckets be employed 
to draw up water from a well of very great depth; it 
is required to arrange the apparatus infuch a manner, 
thai in every pofition of the buckets, the weight of the 
chain fia II be deftroyed ; fo that the weight to be raifed 
fifaUbe ihat only of the water contained in the afcend^ 
ing bucket .---•-..••j^j 
Another method of accompliflnng the fame thing ««~ • 56 
PROB. XXXI. Method of conftruSting a jacky which moves 
by means of thefmoke of the chimney - - .• * 57 
A mecnantcal amufement founded on the fame principle 3 § 
ConftruHion of the Engli/h fmoke jacks - - - * 59 
PROB, XXXII, What is it that Jupports in an upright 
^ pofition^ a tap or teUtum, while it is revolving / • • 60 



•wRbv ^XXMK Hatv Cimes i> i&rC afi'tk hadei vorti- a 
ietight at the «p^sr exfrev:iijiy can be kept h equitihrh ' 
mt the foiiit ef thi. fin^.r^ much rajur ibfni when ter 
vnight is, near the lower extremity ; er tlxit a ftvmrdy 

. ^ j^r exampiey cah he bakttrcctt on the finger much hetter 
whem the- bilt h uppermj! > ^ - - -'.- «69 

moBv xxxiT* M bat h tbtm^/i advanta^eotts pcffition ef 
th& feet for Jiand'm^ with fit rnneffj m an eieh fofiwre? 61 
Gcametrical pTûbUm QiL this fuhjcâi - - - - 6z 

yaoB. :|[xxv. Of the gante cf kiJiiardf - - -^ - - 63 

. i* The p'fitioB of the pûck^i f nd that âf the tvott hetlhy 
Aï and Nj Seing giveu^ tafirihe yoir adverfmy*s 
tall M in. fuck a manner^ that it fixall f^ll inta the 
faeket -^r- - - - - - - -64 

W- Ttfjhike the hall by reJic^Hm - - - . 65 
I&L If a ball jir ikes o,^ain^ another in any direéJijfe • 
^shûWaer^ tn^bat ii the direlliQit êf the intpingh^ 
ball after the fhcck ?^ .- - .• . -66 

rsoB^ XXXVI. To conj]ru£ï a water-^kcb - . - - 6S 

fS.OB. XXX vu. Mechanical fora fl^ : HoiKrefual weights 
placed at any diflance fr%m the point (ff^pport ef a 
halemce jhalk be in equmhria - - - - - - . 7î 

:fHoiT» xxxviiu li^ hat veioeity mufi be given to a ma^ 
chine moved ly watery in order thai it may pr^uee the 
greaieji effia ? -- -- . .'- -74 

iraoB. xxTix, what is the great cjl number of faatT 
hoards thai ought P> be applied to a whcely moved by a 
current of water, in order i& make it produce the 
gvtatejl effea? - -.- -- - - -7S 

PROF, XL. if there be twû> cylinders^ containing exa^ly 

the fame quantity of mattery the one /olid and the other 

Bclhwy iind lath of the fame length ; which of them 

mjili fuflai'fty, without breakings the greatejl weight 

fofpended from one cf its extremities^ (be other being 

fixed? - - - - ^ - - - . ^ yy 

nOB» XLI. To conjîruâl a lantern^ which Jhall give light 
at the hoitjm of the water - ^ - - . • 7g 

PROB, XLii. To confiruâi a lamp^ which {hall prefirvt 
its oil in every fit uaticny however moved or incUned -. yjj 

? R o B. X L I i K Met hod of confirufling an ancmofcopf and • 
'Mnejnometer .--- r - -,'. -i - - • 8^ 

PROB xtiv. ConfiruHion of a fieel-^ygrd^ hy^ n^i^ajlttsf • 

- which the weight of any body may 4r ^çfrtpiticA wii^ v .^ 
out weif"^*' - - • ^ - * -J* -, - '8^ 



CONTENTS, ' ^ 

PROB. XLV. To conjlruâf a carriage^ which a gouty per-» 
fon m'iy emplcyf.r moving from one place to another^ 
without the ajjtfiance of men or horfes - - - - «87 

P R OB, X L V I . jVfethod cf conflru^ing a fma II figure^ which 
when left to itfelf defcenas along a frriaU Jlair^ on its 
bands and its feet ------r-^ 

PROS. XL VII, T'o arrange three Jiich on ç horizontal 
plane ^ infuch a manner ^ that wHle the lower extre- 
mities of each rejl on that plnne^ the other three fhall 
mutually fuf port each other ^ in the air - - - - ^j 

f ROB. XLV II I. Toconftruâî a cqfk^ into which if three 
different kinds of liquor be pouredy they can be drawn 
Off at pleafure by the farrie cocly without being mixed g^ 

PR OB. XL IX. 7i make a fft body.fuch as the end of a 
candle^ pierce a hoard - - - r - - - 95 

PROB. L, To break aflicht placed on two drinking glaffe s y 
by fir iking it with another fîick^ and without breaking 
tht glaffes -- ..ç5 

PRO B. LI. On the principles by which the pofftble effeàî of 
a machine can be determined - «^ - - r - 98 

PROB. Lli. Of the perpetual motion - - - - I0£ 
jiccount of the different attempts to produce it r r 103 

P RO B , L 1 1 1 . To determine the height of the arched ceiling 
of a churchy by the vibrations of the lamps fufpendedfrom it 1 06 

PROB, L IV, To meafure the depth of a well^ by the time 
elapfed between the commencement of the fall of a heavy 
body, and that when the found of its fail is conveyed to 
/A/ ^^r --------- - 108 

Hiflorical account of fome extraordinary end celebrated 
mechanical works - - - - - - - -m 

J. I. Of the machines or automatons of Archytas^ 
Archimedes^ Hiero and Cteftbius - - - - ibid, 

}, II. Of the machines afcribed to Albert the Great and 
' to Regiomontanus - - - - -'- -il2 

J. JII. Of various celebrated clocks - - «- - 1 13 
J. IV. Automaton machines of Father Truchety M* 
Camus^ and M,deVaucanfon - - - - -116 

}. V. Of the Machine at Marly - - - - - 1 19 

§. VI. Of the Steam-engine - - - - - 1 24 

Hi/lory of the invention and improvement of the Steam- 
engine . w - - 7 - - - - - -128 

JBalloonSy if^c, ---•---'-- 134 
p(e£raphs.^ - - - • ? T - - HI 




* 



a CONTENTa 

A Uihli of ihifpectfic gravities of different bodies - -152 
Metah ----.------ ibid. 

Precious Jlones - - - - - - - -^54 

Siliceousjlotns - - - - - - - "^55 

f^nrious Jlones^ îffr. - - - - - --156 

• Liquors ---------- 157 

Rejins and gums - - - - - - -,-i^ 

tVoods ---------- 159 

7ablc of weights^ both ancient and modern j as compared 
With the hnglijh Troy pound ' -.- - - -161 

T'able of the modern weights of the principal countries of 
the worlJy and particularly in Europey reduced to 
EngUp Troy weight -- - - - -'. '.165 

Old French weights compared with the Englijh - - 1 67 

New French weights compared with ditto - - - i6R 

PART IV. 

Containing many curious problems in Optics. 

On the nature of light ------- 170 

Experiments in regard to light -- - - - -17J 

^leOB. I. To exhibit in a darkened râom, external obfe^s, 

in their natural colours and proportions - - - 176 
FKOB. II. To eonfiruêi a portable camera obfcura - - 178 

I. To reprefent objeâls in their natural Jituation - - 1 80 

II. To reprefent objets infuçh a manner as to make 
that which is on the right appear on the. left^ and 
vice verja --------- igi 

III. To reprcfenty in fucceffion^ all the objeâts in the 
neighbourhood, and quite around the machine - - 1 8a 

IV. îfl reprefent the image of paintings or prints H>id. 
PROB. III. To explain the nature ofvifieny and its prin^* 

cipal phenomena -------- 1*82 

PROB. IV. To conflruSt an artificial eyey for exhibiting 
and explaining aH the phenomena of vifion - • - 1 87 
Experiments on this fiéjeB - - -* -- -188 
PROB. V. To caufe an obje^l, whether feen near at hand or 

at a great difiance^ to appear always of the {ame fixe Ij^ 
PROB. v^. Two unequal parts of the fame Jtraight line 
being giveny whether adjacent or not j tofnd the point 
nifbere they will appear equal • - - - " ^Çî 



/ 



« 



CONTENTS.* »« 

PitOB. mu^If AB be the length of a parterre^ fituated 
before an edifice^ the front of which is CD, required 
toe pointy in that fronts from which the apparent mag* 
nitude of the parterre aB will be the great eft - - 19 j 
PROB. SMU A circle on an horÎT^ontal plane being given ; 
it is required to find the pofition of the eye when its 
image on the perJpeBive plane will bejlill a circle ibid. 

PROB. IX. fyhy is the image of the fun which paffes into 
a darkened aparttnenty through afquare or triangular 
hole^ always circular ? - - - - -"- ~^97 

'PROB. X. To make an ohjeEl which is too near the eye to 
he dijlincfly perceived^ to be feen in a dijiittcl manner 
without the interpojition of any ghfs - - - - 198 

PROB. XI. When the eyes are direElcdinfuch a manner as 
to fee a very diftant objeâl ; why do near objets appear 
double and vice v/rfa ? -- - - - - " ^99 

PHOB. XII. To caufe an objecf, feen diftinâllyj and with^ 
out the interpojition of any opake or diaphonous body^ 
to appear to the naked eye inverted - - - - 101 

PROB. xiji. To caufe an ohjeEl^ without the interpofttion 
of any, body ^ to difappear from the naked eye^ when 
turned towards it ^ - - - - - -,- ioa 

PROB. XIV. To caufe an objeB to difappear to both eyes at 

once J though it may be feen by each of them feparately 203 
PROB. XV. An optical game^ which proves that with one 

eye a perfon cannot judge wk/I of the dijlanccofan objefl ibi<L 
PROB. XVI. A perfon born blind^ havifig recovered the ufe 
of his fight ; if a globe and a cube^ luhicb he has learnt 
to difiingu'fjh by the touchy are prefented to him, will 
he be able, on the firfi view, without the aid of touch» 
ingy to tell which is the cube and which the gloU^' 204 
PROB. XVII. To conJlruEl a machine by means of which 
any ohjeBs whatever may be delineated in perfpeSîivCy 
by any perfon, though unacquainted with the rules of 
that fiience --------- lû6 

PROB. XVIII. Another methody by which a perfon may re» 
prefent an objeEl in perfpeclivcy without any knowledge 
of the principles of the art ------ itoB • 

PROB. XIX. Of the apparent magnitude of the heavenly 
' bodies on the horizon -- - - - - -2IO 

PROB. XX. On tht converging appearance of parallel 
raws of trees --------- 213 



l|8 OÔKtElïtS. 

PAQI 

Tk09, XTii In what manner mujt we proceed to trace out 
em avenue^ the fides of which ^ when feen from om of 
its Extremities^ jhall appear parallel? - - - - 21 J 

BROB. XXII. To form a piSfure^ which ^ according to the 
fide on which it is viewed^ Jhall exhibit two different . , 
fubjeSls - - - - - - - - --aiô 

maoB. XXIII. Todefcribe on a plane a difiorted figure^ 
which when feen from a detemdnate point Jhall appear 
in its jufi proportions • - - - - - -217 

VROB. XXIV. Any quadrilateral figure being given ; to find 
the different parallelogram^ or reâlangles of which it 
may be the pcrfpeBive repretentation ; or any paralle* 
logram^ whether right angled or notj being given^ to 
find its pofitioHj and that of the eye^ which Jhall caufe 
its perfpehive reprfentation to be a given quadrilateral 22a 

Of plane mirrors •----.,. 223 

fROB.^ XXV. A point of ihe objeB 5, and the place of the 
eye A being given i to find the point of refieâlion on the 
fiirfqce of a plane mirror -.-•--« ibid# 

PROB. XXVI. The fame Juppofition being made as hefcre : 
to find the place of the image of the point B - - 224 

SROH. XXVII. Several plane mirrors being glven^ and the 
place of the eye and of the objeêî ; to find the iourfe of 
the ray proceeding from the chjeSi to the c)e^ when 
refieBed twOy three or four times - - - - -22r 

VROB. xxviii. Various properties ûf plane mirrors - 227 

PROB. XXIX. To difpcfe fever al mirrors infuch a manner y 
that you can fee your Jdf in each of them at the fame time 230 

PROB. XXX. To meafure by means of refieElion a vertical 
height^ the bottom of which is inaccefftble - - - 23 1 

BROB. XXXI. To meafure an inaccefftble height^ by means 
of its Jhadow --------- 233 

tROB. XXXII. Of fome tricks or hinds of illufion^ which 
may be performed by means of plane mirrors - - 234 

• , ifi. To fire a pijlol aver your Jhoulder and hit a mark^ 
with, as much certainty as if you ' took aim at it in 
the ufual manner ------- ibid. 

2//. To cpnfiruEl a box in which heavy bodlesy fuch as 
a ball of lead-i will appear to ajcendj contrary to their 
natural inclination ------* ibié. 

3^. To confiruil a box in which objets Jhall be feen 
through one hole^ different from what wen feen 



COïTTEKTSL « 



ArBïïgh awîhsr^ thaujh in ioih ^afcs the;^ frcm /# ' ' ^ 
^cnpy tbjwhsU hox - - - - - "^SS 

Jlth. In a ro:?n on the firjl floùr^ t9 [ce thnfe whj ajt- 
preach tbe J^r ef the iofi/i\ w'thout hoking out at 
the wjndcw, and without beincr dfervcd - - - 23^ 
noB. XXXiii. To inflame ohjcEli at a cmfiderahU (VJlan^i 

hy.heans of plane nùrron - -.- - - ^^3^ 
Of fpherlcal mirrors^ hcth con£nv: and co ivex - - 24.» 
K&QB. XXXIV. Tbe place of an ohjjcly aid that of the 

eye hnng given ; to determine in a fpherical mirror tbe 

point of refleBioHy and the place .of tbe imige - - 241 
rSiOB. XXXV, Tbje principal properties of f^hei'lcal mir- 

rorsy both convex and concave ----- 24 J 
P&OB. XXXVI. Of burning mirrors - - - --24.5 

If a ray of light fait very near the axis of a concave 

fphârical furface^ ^nd paraliei to that axis, it will 

be refleEl^d in fuch a manner as to m:et it at a di^ 

fiance from the mirror nearly equal to half tbe radius ibii 

jLcount of foHU mirrjrsj celebrated for their fivLe and effects 24S 

F&OB. XXXVII, Some properties of concave mrrors^ in 

regard to vifion or the formation »f images - - - 252 
paiOB. XXXVIII. To conJlruFl an optical hex or chamber^ in 

nuhich ohjeEts are feen much larger than the box itfclf 2^ jf 
Of cylindricy or cmkal, ^c^ mirrors^ and tbe anarnQr- 

pbofei ivhich may be performed ky means 0/" than - 256 
FROB. XXXIX. To defer ibe on a horiz^sntaf plane, a dif 

tor t^d figure, w>)icb wb/n feen from a given pointy as 

refl.Bed from the convex fur face of a right cylindric 

mirror^ Jhall appsar in its proper proportions - - 2 J/ 
FKOB. XL. To defribe, on a horizontal plane, a diftorted 

figure, ivhich jhalU appear in its proper proportions.^ 

when feen as refieEled by a conical mirror from a ^ivin 

point in the axis of that cone produced - - - 26^ 
PB.6B. XLi To perform tbe fame thing by means of apyra^ 

midal mirror - - - - - - - - -262 

Of lenticular glajfes or lenfes ------ 265 

pHOB. XLU. To find tbe focus of a glafi globe-- - - 264. 

FROB. XLiii. To find the focus of any Uns - - . 266 

CASE ly?. If^hen the lens is equally convex on both fides ibid- 

CASE 2t/» When the lens is unequally convex on both 
fides ------.»-- 267 

CA5S 3^, IVhen tbe lens has me fide plane. - - iUiJL 



X CONTENTS, 

% 

FAC« 

CASE 4iÂ, PFhinthe kns is convex on the onejide^ and 
concave on the other ------- 267 

CASE 5/A. When the leni is concave on both fides - 268 .* 
Case bth. JVhen the lens is concave on the one fide ^ 
and plane on the other -•.---• 2(Jg 
Of burning gloffes - - - • -- - - ibid. 

raoB. XLiv. Of fame ether properties of lenticular glajfes 271 
Of ref railing tele/copes - - - - - - -273 

'Of refieding teUj copes - - - - - - -278 

PROB. XLv. Method of conflruBing a telefcope^ by means 
ef which an objeSl may befeen^ even when the inJirU" 
mint appears to be direBed towards another - - 284 

Of micro/copes ------'--- 285 

PltOB« XLVi. Method of conftruSling afmgle microfcope «86 
PROB. XL VII. Of compound micro/copes - .- - - 289 
PROB. XLViii. A very fimple method of ascertaining the 

real magnitude of objeBs feen through a microfcope 29 f 
PROB. XLIX. To conftruB a magic piSîure^ which being 
feen in a certain pointy through a gbj^^jhall exhibit an 
cbjeB different from thatfefn with the naked eye ^ - 293 
PROB. L. To confiruEl a lantern y by means of which a 

book can be read at a great dijlanccy at nigit - - 298 
PROB. LI. To cotijlruâl a magic lantern - - - - 299 

PROB. Lii. Method of conflruBing a folar microfcope 302 
PROB. LIII. Of colours and the different refrangibllity 

of light - - .- 304 

PROB. Liv. Of the Rainbowy hew formed ; method of 

making an artificial one 308 

PROB. LV. AnalBgy between colours and the tones of mufic; 

of the ocular harpfichord of Father Cafiel - -312 
PRo%. LVI. To compofe a table reprefenting all the co^ 
lours : and to determine their number - - - - 316 

PROB. Lvii. On the caufe of the blue colour of thefity 319 
PROB. L VIII. Why the fhadows of bodies are fofnetimes 

hlucy or azure coloured^ infiead of being black - -321 
PROB. Lix. Experiments on colours - . - - 323 

PROB. LX. Method of conJiruBing a Photophorusy v/ry 
convenient to illuminate a table where a perjon is read- 
ing or writing - - - - - - - -324 

PROB. LXI. The place of an obj''B^ fuch for example as 
a piece of pap^r on a tablcj being given ; and that of a 
^andWdeflined to throw light upon it\ to determine the 



COOTTENTS. n\^ 



I 



height at which the candU muji be placed^ in order that 
'the objeâl may be illuminated the moft poffible * . - 325 

ykoB. txii. On the proportion which the light of the 
moon bears to that of the fun - - - - • 32^ 
' PROB. Lxiii. Of certain optical illujions - - - 329 

Additional amujements with concave mirrorsj He» - - 331 
Simple camera obfcura • - - - - - - - 334 

The dioptrical paradox - - - - - . ' - 335 

The optical paradox - -* - - - "SS^ 
The endlefs gallery » - *- - - - . . 337^ 

The r/tal apparition - - - - - - - 338 

PROB. LXIV. Is it true that light is refleBed with more 
vivacity from air than from water? - - - - i^^ 

PROB. Lxv. Account of a phenomenon^ either not obfervedj ' 
or^itherto negleilea by philojophers - - - - 34 jv 

PROB. LXV I. Offome other curious phenomena in regard 
to colours andvijion - - - • •• .- - 344^ 

PROB. LXVir. To determine bow long thffenfation of light 
remains in the eye ^ - - - - - - - 347, 

Supplement y containing a Jhort account (f the moji curious 
microfcopical obfervations - - - • - - - 348 
§. I. Of the animals^ or pretended animals i in vinegar 

and the infufions of plants - * - - - - 349" 
f . II. Of fpermatic animals - - " - - "352 

J. III. Of the animalsy or moving moleculajinfpoilt corn 355 
j. rV. Un the movements of the Tremella - - - 357 . 
$. V. Of the circulation of the blood* - - - - 35» 
§. VI. Compoftion of the blood - - - - - 360 
j. VII. Of tbejkirty its poresy andfcales - - - 361. 
$. VIII. Of the hair of animals . . T - 361^ 
}. IX. Singularities in regard to the eyes ofmojl infers 363? 
§• X. Of the mites in cheefe^ and other infeEls of the 
fame kind --------- 36c 

^.Xl.Oftheloufeandftea^ 36Ô 

$• XII. Mouldinefs -.----- 367 

$. XIII. Dujl of the Lycoperdon 369 

$. XIV. Of the Farina of flowers - - - - ibid. 

J. XV. Oftbe apparent holes intbe leaves offome plants 370 
§. ILVhCif the down of plants - - - - -ibid. 

§. XVII. Of the fparks ftruck from a piece ofjleel^ by 
^, means of a flint » - - - -- - -37X 

§. XVIII. Of the afperities of certain bodies, which 
appear to be excaaingly Jharp and highly policed - ibid. 

' vol*. II. C 



.. ' ^'— 



0L PONTENta. 

FAtf» 

J. XIX. O/fandjfitn through the microfcope - - 37a 
§. XX. Of the f^es of charcoal ^ - - - . jyj 

PART V. 

Containing every thing moft curious in 
regard to acouftics and mulic - - - 375 

ART. I. Definition of founds how diffufed and tranfmittid 
to our organs of bearing j experiments on thisfubjeft ; 
afferent ways of producing found ^ ... - 3^^ 

ART. II. On the vehcity of found \ experiments for deter- 
mining it ; method of meafuring diflances by it - "379 

ART. III. How founds may be propagated in every erec- 
tion without confufion . • - ^ .. . - 383 

ART. IV. Of echoes ; how produced \ account of the moft 
remarlkabie echoes^ and offome phenomena refpeHing them 3S 5 

ART. V. Expetiments rejpedling the vibrations of mujical 
flringSy which fortn the bafts of the theory ofmufic - 392 

Ingenious manner in which Rameau extremes the relation 
of the founds in the diatonic progrejjion - - • 3^3 

PR OB. To determine the number of the vibrations made 
by a firings of a given length andfi%e^ and fir etched by 
a given weight ; «r, in o^her wordsy the number of 
the vibrations which form any tone aj/igned - - - 397 

ART. VI. Method of adding, fubtraning^ multiplying and 
divining couards - - - - - - - -401 

PROS. I . To add one concord to another - - - . ^02 

PROB. II. TofubiraB one concord from another • - 403 

PROB. III. To double a concord^ or to multiply it any num- 
ber of times at pleafure ------« 404 

PROB. IV. To divide one concord by any number at tleafure^ 
9r to find a concord which Jhall be the half^ third^ life. 
of ti given uncord -----., ^qc 

ART. VII. Of the refinance offonoroui bodies \ the funda- 
mental principle of harmony and melody ; with fome 
other harmonical phenon>ena ------ ^06 

QUESi ION. Do the founds heard with the principal found 
derive their four ce immediately from the fnorous body^ 
or do they re fide only in the air or the organ ? - - 410 

ART. VIII Of the different fi/iems ofmujic, the Grecian 
4ind the modern^ together with their peculiarities - 412 



CONTENTS. ^ 3* 

PAOt 

<|. I. Of the Grecian mujic - ^ - - - - 412 
(. II. Of the modem mu/ic - - - ^ - *4i7 
ART. IX. Mufical paradoxes ----.- 423 
$• I. // u impoffible to intonate juftly tbefoUtwing in^ , 
tervaUy fol, ut, laj re, fol ; that is to fay ^ the interval 
between fol and ut afcendingy that from ut to la r#«> 
iefcending from third minorj then afcending from 
fourth to Te> and that between re and fol dejcending 
from fifths and to make thefeeond fol in untfin with 

ihefirft ibid. 

^ II. In infiruments eonflruiled with kexs^fucb as the 
barfâchori^ it is impoffil/e that the thirds and fifths 
JhoiUdbejuft ----.--- 424 

"$. IIL A lower note^for example re, affeded by a fiarp^ 
is not the fame thing as the higher mte^ mi, affeBed 
by aflat ; and the cafe is the fame with other notes ^ • 
which are a whole tone difiantfrom each other • 426 
ART. X. On the caufe of the pleafure arifing from mufic 

-^The effets of it of^ man and on animals - - "427 
ART. XI. uf the properties of certain' infiruments^ and 
particularly wind injirumenf! - - - - - 434 

ART. XII. Of a fixed founds method of preferving and 
tranfmitting it -------- 437 

ART. xnu Singular appUcation of mufic to a quefiion 

in mechanics -••--.--* 440 
ART. XIV. Somefingular confiderations im regard to the 
flats and the JharpSy and to their progrtjfion in the 
different tones --••--.-- 44J 
ART.'xv. Method of improving harrelin/lruments^ and 

of making them fit to execute airs of every kind - - 447 
ART. XVI. Offome mufical injhrununts or machines rr- 

markiMrfor their Jmgularity or confïruBion - -452 
ART. XVII. Of a new inftrument called the Harmonica 454 
Of tbi Euphon --------- 457 

ART. xviu. Of fome angular ideas in regard to mufic 458 
ART. XIX. On the figures formed by fond and other 
light fuhfiances on vibrating furfaces - - - - 460 



, I 



~* * " 



.*' 



MATHEMATICAL 



AND 



FHI{.OSOPHICAL 



KECREATIOISS. 



PART THIRD. 



Ccntatning various Problems in Mechanics. 

.AtTER arithmetic and geometry, mechanlc9 Ss 
the next of the physico-mathematical sciences 
having their certainty rçstixig on the simplest foun- 
dations, it is a science also the principles of which, 
when cooibined with geometry, are the most fertile 
and of the most general use in the other parts of 
the mixed mathematics. All those mathematicianp 
therefore who. have traced out the dev^lopmei;àt 0|f 
mathematical Ic^owledge» place ipechanics i;mn>&- 
diately after the pure niathematics, and iSm method 
we shall herç adopt al^o. 
We suppose, 9» in every other past of tbis matho* 
VOL. II. B ,: 
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madcs introduced into this work, that the reader is 
acquainted with the first principles of the science of 
which we treat.— Thus, in regard to mechanics, we 
suppose him acquainted with the principles of 
equilibrium and of hydrostatics ; with the chief 
laws of motion, &c. For it is not our intention to 
teach these principles ; but only to present a few of 
the most curious dfkd remarkable .problems, which 
arise from them. 

PROBLEM I, 

• To cause a ball to proceed in a retrograde direction^ 
though it meets 'with no apparent obstacle. 

Place an ivory ball on a billiard table, an4 
give it a stroke on the side or back part, with the 
çdge of the open ^and, in a direction perpendicula,r 
to the table, or downward. — It will then be seen to 
proceed a few inches forward, or towards the side 
where the blow ought to carry it ; after which it 
will roll in a retrograde direction, as it were pf 
itself, and without having met with any obstacle. 

KEMARK. 

This effect is not contrary to the well known princi- 
ple in mechanics, that a body once put in motion, in 
any direction, will continue to move in that direction 
until some foreign cause oppose and prevent or turn 
it. For, in the present case, the blow given to the 
ball, communicates to it two kind$ of motion ; one 
of rotation about its own centre, and the other 
direct, by which its centre moves parallel to the 
t^Ie^ ^ im|)elled by the blow, The latter motion^ 
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)o^ mccoutat of the fricdbn of the ball on the table^ 
Î8 soon annihilated; but the rotary motion about 
the ceatre continues, and, when the former has 
ceased, the latter makes the ball roll in the retro- 
^de direction. In this effect, therefore^ there is 
nothing contrary^ to the well known laws of me^ 
thanicsi 

ÎPRÔ&LEM II. 

To make a false ballj fir playing at ninepins» 

MaK£ a hole in a common ball used for playing 
mt the above game ; but in such a manner as not 
to proceed entirely to the centre j then put some 
lead into it, and close it with a piece of wood, so 
that the joining may not be easily perceivedi Whea 
this ball is rolled towards the pins, it will not fail 
to turn aside from the proper direction, unless 
thrown by chance or dëjcterity in such a manner, 
that the lead shall turn exacdy at the top and 
bottom while the ball is rolling. 

k£MARK. 

I ■ 
The fault of all balls used for billiards depends 

on this principle. For, as they are all made of 

ivory^ and as, in every mass of that substance, 

there are always some parts more solid than others^ 

there is not a single ball -perhaps which has the 

centre of gravity exaftly in the centre of the figure* 

On this accoVint every ball deviates more or less 

•from the line in which it is impelled, when a alight 

motion is communicated to it, in order to make it 

proceed towards the other side of the billiard table. 
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unless the heaviest part be placed 8t the top. or 
bottom. We have heard an eminent maker of 
these balls declare, that he would give tWo guineas 
/or a ball that should be uniform throughout-; but 
that he had never been able to find one perfectly 
free from the abovementioned fault. 

Hence it happens, that when a player strikes the 
ball gently, he often imagines that he has struck it 
unskiilfully, or played badly ; while his want of 
success is entirely the consequence of a fault in the 
ball. A good bUHard player, before he engages to 
play for a large sum, ought carefully to try the 
ball'^t in order to discover the heaviest and lightest 
parts. This precaution was communicated to us by 
a first rate player. 

PROBLEM Tir. 

How to construct a balance j which shall appear just 
when not loaded^ as well as when loaded with un- 
'. equal weights* 

We certainly do not here intend to teach people 
how to commit a fraud, which ought always to be 
condemned ; but merely to shew that they should 
be on their guard against false balances, which 
often appear to be exact ; and that in purchasing 
valuable articles, if they are not well acquainted 
with the vender, it is necessary to examine the 
balance, and to subject it to trial. It is possible 
indeed to make one, which when unloaded shall be 
iti perfect equilibrium, but which shall nevertheless 
be false* 1 he method is as follows 
: Let A and B be the two scales of a balance, and 
kt A be heavier than B : if the arms of the balance 
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ht made of unequal lengths^ in the same ratio as 
the weights of the two scales» and if the heavier 
scale A be suspended from the shorter arm, and 
the lighter scale B from the longer» these scafes 
when empty will be in equilibrium, lliey will be ia 
eqailibrium also when they contain weights whicb 
are to each other in the same ratio as the scales. A 
person therefore unacquainted with this artifice will 
imagine the weights to be equal ; and by these 
means may be imposed on. 

Thus, for example, if one of the scales weighs 
1 5, and the other 1 6 ; and if the arms of the 
balance from which they are suspended be, the one 
1 6 and the other 15 inches in length; the scales 
Svhen empty will be in equilibrium, and they will 
femaih so when loaded with weights which are to 
each other in the ratio of 1 5 to 16, the heaviest being 
put into the heaviest scale. It will even be difficult 
to observe this inequality in the arms of the balance. 
Every time therefore that goods are weighed with 
such a balance, by putting the weight into the 
heavier scale and the merchandise into the other, the 
purchaser would be cheated of a sixteenth part, or 
an ounce in every pound. 

But, this deception may bé easily detected by 
transposing the weights ; for if they are not then in 
equihbrium, it is a proof that the balance is not 
just. 

And indeed in this way the true weight . of any 
thing may be discovered, even by such a false 
balance, namely by first weighing the thing in the 
one scale, and* then in the other scale ; for a mean 
proportional between the two weights, will be the 
true quantity ; that is, multiply the numbers of 
these two weights together, and take the square 
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root of the product. Thus^ if .the thing weigh \% 
i)uïices in the one scale, and only 14 in the other t 
^en the product of 16 muldplied by 14 is 224, the 
square root of which gives 144-5- for ^^ ^^^ 
tireight, or nearly . 1 5 ounces. Or indeed the just 
weight IS found nearly by barely adding the twd 
numbers together, and dividing the sums by 2^ 
Thus 16 aad 14 make 30, the hatf of which, or 151 
is the true weight very nearly. 

PROBLEM IV. 

^ojind the centre of gravity (f serrai weights i 

ê 

As the solution of various problems in mechanics, 
depends oh a knowledge of the nature and place of 
the centre of gravity, we shall here explain the 
principles of its theory. 

The centre of gravity of a body, is that point 
around which all its parts are balanced, in such a 
tnanner, that if it were suspended by that point, the 
body would remain at rest in every position, ia 
which it might be placed around th^t point. 

It may be readily seen that, in regular and 
homogeneous bodies, this point can be no other 
than the centre of magnitude of the figure. Thus, 
the centre of gravity m the globe ancT spheroid, is 
the centre of these bodies j in the cylinder it is in 
the middle of the axis. 

The centre of gravity between two weights, or 
bodies of different gravities, is found by dividing 
the distance between their points of suspension into 
two parts, which shall be inversely proportional to 
their weights j so that the shorter part shall be 
next to the heavier body, and the longer part 
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towards the lighter. Thîs is the principle pf 
bfdances with unequal arms, by means of which 
any bodies of diflferent weights may be weighed 
with, the same weight, as in tne steel yard. 

When there are several bodies, the centre of 
gravity of two of them must be found by the above 
rule; these two are then supposed \o be united ia 
that point, and the common centre of gravity 
between them and the third is to be found in thç 
same manner, and so of the rest. 

Let the weights A, B and C, for example, be 
suspended from three points of the line or balancç 
D F (pi. I fig. i), which we shall suppose to have 
no weight. Let the body A, weigh rc8 pounds; 
B ii(4, and C i8o ; and let the distance D £ be ij( 
inches, and E F 9. 

First find the common centre of gravity of the 
bodies B and C, by dividing the distance £ F, or 
9 Inches^ into two parts, wnich are to each othçr 
as 144 and 180, or as 5 to 4. These two parts 
will be 5 and 4 inches ; the greater of which must 
be placed towards the smaller weight : the body B 
being here the smaller, we shall have E G equal to 
5 inches^ and F G to 4 j conse^uçntly D G will 
be 16. 

If we now suppose the two weights B and C, 
united 'into one in the point G, and consequehtlr 
equal in that point to 324 pounds; the distance 
I) G, or 16 inches, must be divided in the ratio of 
108 to 324, or of I to 3. One of these parts will 
be lîj and the other 4j and as A is the less weight, 
P H must be made equal to 12 inches, and .the 
noint H will be the common centre of gravity pf al| 
(he three bodies, as required. 
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The. result \70uld have been the aame, had thç 
^dk3 A and B been first united. 

In short, the rule is the same whcitever be the 
fiumber of the bodies, »d whatever be their posi- 
tion in the S9pie straight line, or in the same plane. 

This may suffice here in regard to the centre of 
gravity, lor many curious .truths, deduced from 
mis consideration, recourse may be had to books 
which treat on mechanics j we shall however mentioi^ 
one beaudful principle Iq thi§ science deduced from 
it, which is as follows : 

If several bodies or weights be so disposed j teat by coim 
municating motion to each other their common centre 
rf grctvity remains at rest^ or does not deviate from 
the horizontal line, that is to say neither rises nor/alls^ 
there will then be an equilibrium. 

The demonstradon of this principle is almost 
evident from its enunciation ; and it may be em« 
ployed to demonstrate all the properties of machines* 
But we shall leave the application of. it tp the 
leader. 
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As this is the proper place» we shall here dis- 
charge a promise made in the preceding volume, 
p. 418, viz, to resolve a geometrical problem, the 
solution of which, as we said, seems to be only 
Reducible from the property of the centre of gravity. 

Let the proposed irregular polygon then be 
A BC D E (pi- 1 fig. 2 N*^ i) ; the sides of which 
are each divided into two equal parts, in a^ b, r, d 
smd Cy from which results a new polygon abc de a; 
let the sides of die latter be each divided also into 
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twD equal parts, by the points û/, V^ (f^ d\ é^ vhicli 
when join^ will give a third polygon cl V à d! é €l\ 
and so on. In what point will this division tetr 
ixiin^te ? 

To solve thia problem, if we suppose equal 
weights placed at v?, b^ r, J, e^ their eommon centre 
of gravity will be the point required. 

jbnt, to find this centre of gravity, we must 
proceed in ti\e following manner, which is exceed-- 
fngly simple^ First draw a b (fig. 2 N»^ 2), and let 
the middle of it be the point /; then draw/^, and 
divide it in ^, in such a manner that fg shall be 
cue third of it ; draw also g d^ and let ^ A be the 
^rth of it ; in the last place, draw h e and let 
^ / be the fifth of it : the weight e being the last, 
the point /, as may be demonstrated from what has 
been before said, will be the centre of gravity of 
the five equal weights placed at ^ , ^, ^, d and e ; 
9nd will solve the proposed problem. 

9 

PROBLEM V. 

JjÇhen twopersùns carry a burthen, by means of a lever 
or pole J which they support at the extremities j to find 
how much of the weight is borne by each person. 

It may be readily seen that, if the weight C were 
exactly in the middle of the lever /\ B (pi i fig. 3), 
the two persons would each bear one half. . But if 
the wdght is not in the middle, it can be easily 
demonstrated, that the parts of the weight borne by 
the two persons, are in the reciprocal ratio of rheir 
distance from the weight. Nothing then is necessary 
but to divide the weight according to this ratio ; 
md the greater pordon will be that supported by 
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die person nearest the weight, atid the least that* 
supported by the person ferthest distant. The. 
calculation may be made by the following propor» 
tion. 

As the whole length of the lever AB, is to the 
kngth A E, so is the whole weight to the weight 
supported by the power or person at the other ex- 
tremity B ; or as A B is to BE, so is the whole 
weighty to the part supported by the power or- 
person placed at A« 

If AB, for example, be 6 feet, the weight C 
1 50 pounds, A £ 4 feet, and B £ 2, we shall have 
this proportion : as 6 is to 4, so is 1 50 to a fourth 
l^rm, which will be loo. The person placed at the 
extremity B, will therefore support 100 pounds, 
^nd consequently the one placed at A will have to 
support only 50. 

REMARK* 

The solution of this problem aflfords the means of 
dividing a burthen or weight proportionally to the 
strength of the agents employed to raise it. Thus, 
fpr example, if the one has only half the strength of 
the other, nothing is necessary but to place him at 
a distance from the weight double to that of the 
other. 

PROBLEM VI. 

How 4, 8, 16 cr 32 men may be distributed in such a 
manner t as to earry a considerable burthen vjitb 
eafe. 

}f the burdien can be carried by four men, after 
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having made it fast to the middle of a krge hrti 
A B (pi. I fig. 4) cause the extremities of this lever 
to rest on two shorter ones C D aftd E F, and ]dace 
a man at .each of the points C, D, £ and F : it is 
evident that the weight will then be equally dis* 
tributed among these four persons. , ' 

If eight men are required, pursue the same 
method with the levers- GD and E F, as was era- 
ployed in regard to the first ; that i», let the ex'-' 
tremities of C D be supported by the two shelter 
ones a b and ed\ and those of E F by the levers 
ef and g i& : if a man be then- stationed at each of 
the jx)ints a^ by c, d^ e^fy g, h, they will be all 
equally loaded. -- - . . . j 

The extremities of the levers or poles ab^ cd^ ef^ 
and g h J might, in -Kke manner, be made to rest on 
others placed at right angles to them : by means of 
this artifice the weiglit would be equally distributed 
among sixteen men. - And so of any other number. 

We have heard that this artifice is empteyed at 
Constantinople, to raise and carry the heaviest 
burthens, such as cannons, mortars, enormous 
stones, &c. The velocity, it. is added> with which 
; burthens are transported from one place to another ' 
by this method, it is truly astonishing. 

PROBLEM VII. 

Afi9^AÙB (pL r fig. 5%^ of a determinate' lengthy 
beings made fast' by bath ends i but not stretched y. to 
twopoints^ cf unequal height y A- and 3; rchat pssitim 
will be ustumed by the "jueight P, suspended frafn a 

■ fulley, which rolls freely on that rope t 

VOL. II. C 
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From the points A and B, let fall the indefinite 
vertical lines A D and B G j then from the point 
A, with an opening of the compasses equal to the 
length of the rope, describe an arc of a circle, in- 
tersecting the vertical line B G, in E ; and from the 
point B describe a similar arc of a circle, intersect- 
ing the vertical line A D in D : if the lines A E and 
B D be then drawn, the point C, where they cut 
each other, will give the position of the rope A C B, 
when the weight has assumed that position in which 
it must rest ; and the point C will be that in which 
the pulley will settle* For it may be easily demon- 
strated, that in this situation the weight P will be in 
the lowest position possible^ which is an invariable 
principle of the centre of gravity. 

PROBLEM VIII. 

To cause a pail full of water to be supported by a stick j 
one half of which only^ or lessj rests on the edge of a 
table. 

To make the reader comprehend properly the 
method of performing this trick, in regard to equi- 
librium ; which is but ill explained in the old books 
of Mathematical Recreations, both in the text and 
in the engraving ; we have given, in the 6th figure 
of the 1st plate, a section of the table and the 
bucket. 

In this figure, let A B be the top of the table, on 
which is placed the stick C D. Convey the handle 
of the bucket over this stick, in such a manner that 
it may rest on it in an inclined position ; and let 
the middle of the bucket be within the edge of the 
table. That the whole apparatus may be Jfixed ia 
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this situation, place another stick G F E, with one 
of its ends resting against the corner G of the 
bucket, while the middle part rests against the edge 
F, of the bucket, and its other extremity against the 
first stick C D, in E, where there ' ought to be a 
notch to retain it. By these means the bucket will 
remain fixed in that situation, without being able to 
incline to either side ; and if not already full pf 
water, it may be filled with safety ; for its centre of 
gravity being in the vertical line passing through 
the point H, which itself meets with tjhe table, it. is 
evident that the case is the same as if the pail were 
suspended from the point of the table where it i& 
met by that vertical. It is also evident that the. 
stick cannot slide along the table, nor move on its 
edge, without raising the centre of gravity of the 
bucket, and of the water it contains. The heavier 
therefore it is, the greater will be the stability. 

REMARK. 

According to this principle, various other tricks 

of the same kind, which are generally proposed in 

books on mechanics, may be performed. For 

example, provide a bent hook DGF, as seen at 

the opposite end of the same figure, and inseit the 

part, F D,^ in the pipe of a key at D, which must 

be placed on the edge of a table ; from the lower 

part of the hook suspend a weight G, and dispose 

the whole in such a manner that the vertical line- 

G D may be a little within the edge of the table*- 

When this arrangement has been made, the lyeighE 

will not fall, and the case will be the same with the 

key, which had it been placed alone in that situ« 

aâon would perhsms have fallen j and this resplve» 
1" • • • . 
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the following mechanical problem, proposed in the 
form of a paradox : A body having a tendency to fall 
by its own weighty how to prevent it from fallings by 
adding to it a weight on the same side on which it tends 
to fail. 

The weight indeed appears to be added on that 
side, but in reality it is on the opposite side. 



PROBLEM IX. 

To hold a stick upright on the tip of the finger ^ without. 

its being able to fall. 

Affix two knives, or other bodies, to the ex- 
tremity of the stick, in such a manner that one of 
them may incline to one side,, and the second to the 
•ther, as seen in the figure (pL 2 fig. 7) : if this 
extremity be placed on the tip of the finger, the 
stick will keep itself upright,, without falling ; and 
if it be made to incli^e, it wrll raise itself again, and 
recover its former situation. 

For this purpose^ the centre of gravity of the 
two weights added, and of the stick, must be below 
the point of suspension, or the extremity of the 
stick, and not at the extremity, as asserted hf 
Ozanam ; for in that case there would be na* 
stability.. 

It is the same principle that keeps in an upright- 
position those small figures furnished with two: 
weights, to counterbalance them; and which ate 
made to turn and balance, while the point of the 
foot rests on a small ball, loosely placed.on a sort of. 
stand. Of this kind is the small figure, D (fig. 8" 
pLa)^ supported on the stand I,^, bj a ball E,^ 
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through wHîch passes a bent wire, having affixed to 
its extremities two balls of lead C and F. The 
centre of gravity of thfc whole, which is at a con* 
siderable distance below the point of support^ 
fnaintaihs the figure upright, and makes it resume 
its perpendicular position, afrer it has been inclinefl 
to either side ; for this centre tends to place itself as 
low as possible, which it cannot do without making 
the figure stand upright. 

By the same mechanism, thr^c knives may be 
disposed in such a manner as to turn cfa the point 
of a needle; for being disposed as seen in the figure 
(fig. 9 pi. ^) and placed in equilibrio on the point 
•of a needle held in the hand, they cannot fall, 
because their common centre of gravity is far below 
the point of the needle^ which is above the pomt of 
support. 

PKOBLEM X« 

TojTonHrua afgure^ wbicb, without tmy counterpoise^ 
shall always raise itself upright^ and iièep in that 
position^ or regain it^ Jjoweverit may be disturbed. 

Make a figure resembling a man of aiiy sub- 
stance exceedingly light, such as the pith of the elder 
tree, which is scat and can be easily cut mto: any 
form at pleasure. Then provide forait aa hemis* 
pherical base of some very heavy substance, ^ucfa a6 
lead. The half of a leaden bullet, made ver j 
smooth OQ the convex part, will be proper for this 
purpose. îf the figure be cemented to the pkuièr 
part of this hemisphere ; then^ in whatever position 
it may be placed, as soon as it is left to itself it mA 
fise upright (fig, lo pi. 2) ; because the centre ox 
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gravity of its hemispherical base, being in the axis, 
tends to approach the horizontal plane as much as 
possible, and this can never be the case till the axis 
becomes perpendicular to the horizon ; for the 
small figurp above scarcely deranges it from its 
{^ce, on account of the disproportion between its 
weight and tha: of its base. 

In this manner, were constructed those small 
figures called Prussians, sold at Paris some years 
ago. They were formed into battalions, and being 
made to fall' down by drawing a rod over them, 
they immediately started up again as soon as it was 
removed. . 

. Screens of the same form have been since in- 
vented, which always rise up of themselves, when 
tbey happen to be pressed down, 

PROBLEM XI. 

If a rape A Ç B^ to the extremities of which are affixed 

\ibç given weights P and ^, be made to pass over two 

pilleys- 4' ^^ B ; and if a weight R be suspended 

from the point C, by the cord RC ; what position 

will be assumed by the three weights and the rope 

:AGB? (fig. II pi. 2), 

In the line ab^ perpendicular to the horizon, 
assumye any 4)art a c, and on that part as a base, 
describe the triangle adc^ in such a manner, that 
ac shall be to c d^ as the weight R, to the weight 
F ; and that a c shall be to ^ rf, as R to Qj then 
tbroujgh A,, draw the indefinite line A C parallel to 
cd\ and through B, draw B C, parallel to a d : the 
ppîîit C,' where these two lines intersect each other^ 
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win be the point required, and will give thç position 
A C B of the rope. 

For, if in R C continued we assume "CD, equal 
to a Cy and describe the parallelogram E D F C ; it 
is evident that we shall have C F and C E, equal to 
cd and adi and therefore the three lines EC, 
C D, and C F will be as the weights P, R and O ; 
consequently the two forces acting from C to F, an3 
from C to E, or in the direction of the lines C A 
and C B,* will be in equilibrip with the force which 
acts from C towards R» 

REMARKS, 

\ St; If the ratio of the weights were such, that 
the point of intersection C should fall on the line 
A B, or above it, the problem in this case would be - 
impossible. The weight Q, or the weight P, 
would overcome the other two in such a manneir» 
that the point C would fall in B or A ; so that the 
rope would form no angle. 

These weights also might be such that it woul4 
be impossible to construct the triangle acd^ as iîF 
one of them were equal to or greater than the other 
two taken together; for, to make a triangle of thjçef 
lines, each of them must be less than the other two. 
In that case we ought to conclude that the weight 
equal or superior to the other two would overcome 
them both, so jthat no equilibrium could take place. 

2d. If instead of a knot at C, we should suppose 
the weight R suspended from a pulley capable 
of rolling on the rope ACB, the solution would 
be still the same ; for it is evident that, things 
beiing in the same state as in the first case, if a pulley 
were substituted for the knot C, the equilibrium 



<'.-.-- -^v 



18 . ' TIME TO 

would not be destroyed. But there would be one 
Ktttititiori ' fnore thïl!rf în thcf • jifeteding case. . It 
would lie necessary that the point of intersection, 
€i* determined aà* above, should fell below the 
horizontal linej drawn through the point B ; other- 
xHse- the pulley would roll to the point B, as if on an 
inclined plane. • ' 
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Calculation of the time which Archimedes would 
Bave required to mo^ve the earthy with the machine 
of which he spoke to Hiero. 

The expression which Archimedes made use of 
to Iïîero,"king of Sicily, is well known, and parti. 
ciHaHjr to -mathematicians. ** Give me a fixed 
piDWit/* said the philosopher, " and I will move 
tke earth ftom its placée'* This aflFords matter for 
artery ctfrious^ calculation, viz. to determine how 
nhich time Archihieâes Would have required to 
move the earth only one inch, supposing his ma- 
cMne constructed and mathematically perfect ; that 
is*to*say,' without friction, without gravity, and in 
ccfmplete equilibrium. 

•'For this purpose, we shall suppose the matter of 
whiéh the earth is composed to weigh 300 pounds 
the' cubic foot; being the mean weight nearly of 
stdnes mixed with metallic substances, such in all 
probability as those contained in the bowels of the 
earth. If the diameter of the earth be 7930 miles, 
the whole globe will be found to contain 26110- 
7411 7^5 cubic miles, which make 1 423499 1208- 
82544640000 cubic yards, or 3843447626382870- 
^280000 cubic feet J tod allowing 300 pounds to 
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each cubic foot, we shall have 115303428791486- 
1 1584000000 for the weight of the earth in 
pounds. 

Now, we know by the laws of mechanics that, 
whatever be the construction of a machine, the 
space paffed over by the weight, is to that passed 
over by the moving power, in the reciprocal ratio 
of the latter to the former. It is known also, that 
a man can act with an effort equally only to about 
30 pounds for eight or ten hours, without inter- 
mission, and v> ith a velocity of about loooo feet per 
hour. If we suppose the machine of Archimedes * 
then to be put in motion by means of a crank, and 
that the force continually applied to it is equal to 
30 pounds, then with the velocity of 1 0000 feet per 
hour, to raise the earth one inch, the moving 
power must pass over the space of 384344762638- 
287052800000 inches; and if this space be divided 
by 1 0000 feet, or 120000 inches, we shall have for. 
quotient 3202873021985725440, which will be the 
number of hours required for this motion. But as 
a year contains 8766 hours, a century will contain 
876600 J and if we divide the above number of 
hours by the latter, the quotient, 3653745176803, 
\idll be the number of centuries during which it 
would be necessary to make the crank of the 
machine continually turn, in order to move the 
earth only one inch. We have omitted the frac- 
tion of a century, as being of little consequence ia 
a calculation of this kind *^ 

* The machine is here supposed tobe constantly in action ; but if 
It should be worked only fthioiirt -each day i the Uoic rc(^iiired would' 
bç tiuTcboKf Askmg. ^ . ' ' ' *'' 
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PROBLEM XIII. 

Wiib a very small quantity of wafer j such as a fe^ 
prunds^ to prodiue the fffect rf several thousands. 
(^Plate 3 fig. 12). ^ 

Place a cask on one of its ends, and make a 
hole în the other end, capable of admitting a tube, an 
inch in diameter and from 1 2 to 15 feet in length ; 
which must be fitted closely into the aperture by 
means of pitch or tow. Then load the upper 
end of the cask with several weights, so that it 
shall be sensibly bent downwards ; and having 
filled the cask with water, continue to" pour 
€ome in through the tube. The effort of this 
small cylinder of water will be so great, that not 
only the w:eîghts which jpressed the upper end of 
the cask downwards will be raised up, but very 
often the end itself will be bent upwards, and form 
an arch in a contrary direction. 

Care however must he taken that the lower end 
of the cask rest on the ground \ otherwise the first 
effort of the water would be directed downwards, 
and the experiment might seem to fail. 

By employing a longer tube, the upper end of 
the cask might certainly be made to burst. 

The reason of this phenomenon may be easily 
deduced from a property peculiar to fluids, of which 
it is an ocular demonstration, viz. that when they 
* press upon a base they exercise on it an effort 
propprtior^çd to the breadth of .that base muliplicd 
by the height. Thus, though the tube nsed in this 
experiment contains only about 150 or 180 cvlinçlric 
inches of water, the effort is the same as if the tube 
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were equal in breadth to the cask, and at the samtf 
time 1 2 or 15 feet in height. 

Another Method. (Plate 3 fig. 13). 

Suspend from a hook, well fixed in a wall, or 
any other firm support, a body weighing 100 pounds 
or more ; then provide a vessel of such dimensions, 
that between that body and its sides, there shall be 
room for only one pound of water ; and let the 
vessel be suspended to one of the arms of a balance, 
the other arm of which has suspended from it a 
scale, containing a weight of 100 pounds. Pour a 
pound of water into the vessel suspended from the 
one arm of the balance and it will raise the scale 
containing the 100 pounds. 

Those who have properly comprehended the pre- 
ceding cjcplanation^ will find no difficulty in con- 
ceiving the cause and necessity of this effect ; for 
they are both the same, with this difference only, 
that the water, instead of being collected in a cy- 
lindric tube, is in the narrow interval between the 
body L and the vessel, which surrounds it; but this 
water exercises on the bottom of the vessel the. 
same pressure that it would experience if entirely 
full or 'Water. 

Another Method. 

Provide a cubic foot of very dry oak, weighing 
about 60 pounds, and a cubical vessel about a line 
or two larger every way. If. the cubic foot of wood 
be put into the vessel, and water be poured into it, 
when the latter has risen to nearly two thirds of its 
height, the cube will be detached froni the bpttom, 
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^d float. Thus wo see a» weight of about 60 pouncU 
overcome by half-a-pound of water and even less. 



REMARK. 



Hence it appears that the vulgar are în an error» 
when they imagine that a body floats more r^dily 
Sn a large quantity of water than in a âmall one. It 
will always float, provided there be a sufficiency to 
prevent it from touching the bottom. If vessels are 
lbs( at the mouths of rivers, it is not because the 
water is top shallow; but because the vessels are 
loaded so much, as to be almost ready to sink» 
€ven in salt water. But as the water ot the sea is 
nearly a thirtieth part heavier than fresh water, 
when a ship passes from the one into the other, it 
ixxust sink more and go to the bottom. Thus, an 
^&St wbich sinks ii? fre^ water, will float in water 
wjuch. holds in solution a great deal of salt. 

The. principle on which the foregoing experi- 
ments are performed, is no other than the famous 
hyidrostatical paradox, and on which principle Mr. 
Bramah, an ingenious engine maker, has invented a 
new power, in mechanics, of such efficacy as to 
raise,- with gr^at ease, the heaviest loads, or crush 
the hardiest bodies. 



PROBLEM XTV. 



Tofindiha v^eight of a €iéicfoGt of water. 

To know the weight of a cubic foot of water is 
one of the anost essential elements of hydrostatics 
and hydraulic^ ; and for that reason we shall here 
dhew how it may be^ccuratçly determined.. 
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Provide a vessel, capable of dbntainîng exactly a 
cubic foot, and having first weighed it empty, weigh 
.it again when filled with water. But as liquids 
always rise considerably above the edges of the 
vessel that contains them, the result in this case 
will not be very correct. There are means indeed 
to remedy this defect 5 but we are furnished witK 
a very accurate method of doing it by hydrostatics^ 

Provide i cube of some very homogeneous mat- 
ter, such as metal, each "side of which is exactly 
four inches ; weigh it by a good balance, in order 
to ascertain its weight within a few grains ; then 
suspend it by a hair, or strong silk thread, front 
one of the scales of the same balance, and agaia 
end its weight when imtnersed in water. We are 
taught by hydrostatics that it will lose exactly as 
much in weight as the weight of an equal volume 
of water, 'fhe difference of these two weights- 
thwefore will be the weight of a cube of waler^ 
each âde of which is four inches, or of the twenty-' 
seventh part of a cubic foot. 

If Very great precision is not required, provide a 
cube or rectartgular parallelôpîpedon, of any homo- 
geneous rfratter, lighter than watef, such, for ex* 
ample, as wood' J and, having weighed' it as accu- 
rately as possible, immerse it gently in water, ia 
8Uch'.a: manner that* the watet may not wet it above 
that point at v^^hich it ought to float above' the 
Hquid. We shall hefè supposée that I MD (fig. 14* 
pi. 3) is the Bn^, which eitac^tly marks how much 
(rfit'is îçSWersedl Fiitd the content of the' solid* 
A'B"Cl3*Mi; by rfltiltiplyiiig iti'baèe by^ the beight^^ 
tile' product wilt bé the volùiïie of water displace^l 
bythxrbody) and thîè ^volume, accordihg'to thV 
gttaciples "of hjrâtoitaiics^ must weigh' as miichar> 
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the body itself. If this volume of water be ^16 
cubic inches, for example, and if the weight of the 
body be 26*0416 pounds, we consequently know 
that 720 cubic inches of water weigh 26*0416 
poundsv. Hence it will be easy to determine the 
weight of a cubic foot, which contains 1728 cubic 
inches. Nothing is necessary but to make this pro- 
pordon: as 720 cubic inches are to 1728, so arc 
26*0416 pounds to a fourth term, which will be 
62*5 pounds, or 62 pounds and a half; which there- 
fore is the weight of the cubic Jfoot of water. 

PUOBLEM XV. 

3w^ liquors being given ; to determine which of them 

is the lightest. 

This problem is generally solved by means of a 
well known instrument called the areometer or /y- 
drometer. This instrument is nothing else than a 
small hollow ball, joined to a tube 4 or 5 inches in 
length (fig. 15 pi. 3); a few grains of shot, or a 
little mercury, being put into the ball, the whole is 
so combined, that in water of mean gravity, the 
small ball and part of the tube are immersed. 

It may now be readily, conceived that when the 
instrument is put into any fluid, for example river 
water', care must be taken to observe how far it 
sinks in it ; if it be then placed in another kind of 
water, such as sea water, for instance, it will sink 
less ; and if immersed in any liquor lighter than 
the first, such as oil for example, it will sink far- 
ther. Thus it can be easily determined, without a. 
balance, which of two liquors is the heavier or 
lighter. This instrument has commonly on the 
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tube a graduated scale, in order to shew how far it 
sinks in the fluid. 

But this instrument, is far inferior to that pre- 
sented, in 1766, by M. de Parcieux, to the academy 
of sciences, and yet nothing. is simpler. 

This instrument consists of a small glassf bottle, 
two inches or two inches and a half, at most, in 
diameter, and from six to eight inches in length. 
The bottom must not be bent inwards, lest air 
should be lodged in the cavity when it is immersed 
in any liquid. The mouth is closed with a very 
tight cork stopper, into which is fixed, without 
passing through it, a very straight iron wire, 125 
or 30 inches in length, and about a line in diameter. 
The bottle is then loaded in such a manner, by in- 
troducing into it grains of small shot, that the iiv 
strument, when immersed in the lightest of the 
liquors to be compared, sinks so as to leave only the 
end of the iron wire above its surface, and that in 
the heaviest the wire is immersed some inches. This 
may be properly regulated by augmenting or dimi- 
nishing either the weight with which the bottle is 
loaded, or the diameter of the wire, or both these at 
the same time. The instrument, when thus con- 
structed, will exhibit, in a very sensible manner, 
the least diflFerence in the specific gravities of dif- 
ferent liquors, or the changes which the same liquor 
may experience, in this respect, imder difiFerent cir- 
cumstances; as by the eflfect of "heat, or by the 
mixture of various salts, &c. 

It may be readily conceived, that to perform ex- 
periments of tjiis kind, it will be necessary to have a 
vessel of a sufficient depth, such as a cylinder of 
tin-plate, 3 or 4 inches in diameter, and 3 or 4 
leet in length. 
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We have seen an instrument of this kind the 
movement of which was so sensible, that when im- 
mersed in water, cooled to the usual temperature, 
it sunk several inches, while the rays of the sun 
fell upon the water ; and immediately rose on the 
rays of that luminary being intercepted. A very 
small quantity of salt or sugar, thrown into the' 
water, made it also rise some inches. 

By means of this instrument, M, de Parcieux 
examined the gravity of different kinds of the most 
celebrated waters ; among which was that drank at 
Paris ; and he found that the lightest of all was 
distilled water. The next in succession, according 
to their lightness, were as in the following order ; 
viz, the water of the Seine, that of the Loire, that of 
Yvette, that of Arcueil, that of Sainte-Ffeine, that 
of Ville d'Avray, the Bristol water, and well water. 

We hence see the error of the vulgar, who 
imagine that the water of Ville d'Arvay, that of 
Sainte-Reîne, and that of Bristol, particularly thé 
last, brought to France, at so great expence, are 
better than common river water ; for they are, on 
the contrary, worse, since they are heavier. 

If different kinds of water differ in their gravity, 
the case is the same with wines also. The lightest 
of all the known wines, at least in France, is the 
Rhenish. The next in succession are Burgundy, 
red Champagne, the wines of Bourdeaux, Lan- 
guedoc, Spain, the Canaries, Cyprus, &c. 

Some years ago we saw, exposed for sale, an 
Oinomefer^ or inftrument for measuring the different 
degrees of the gravity of wines. It consisted of a 
hollow silver ball, jomed to a small pl^te of the 
same metal, three or four inches in length, and a 
lil^e or a lix^ç and a half ia breadth, on which were 
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marked the (^visions that indicated how far the 
instruihent ought to sink into the different kinds of 
wine. It may be readily seen that this was only the 
common areometer, constructed of silver. 

The lightest of ^1 the kno>^ii liquors is ether. 
The others^ which follow in the order of gravity, 
are, alcohol, oil of turpentine, distilled water, rain 
water, river water, spring water, well water, mineral 
waters. Among the tables, annexed to this part of 
the work, the reader will find one containing the 
specific gravity of various liquors, compared with 
that of rain water; which, being :he easiest procured, 
may serve as a common standard and also the spe* 
dfic gravity of the different solid bodies, whether 
belonging to the mineral, vegetal le, or animal king- 
dom ; which will doubtless be found very useful, as 
it is often necessary to have recourse to tables of 
this kind. 

As the following rules, for calculating the abso- 
lute gravity, in English troy weight, of a cubic foot 
and inch, Eiiglish measure, of any substance, whose 
specific gravity is known, may be of use to the 
reader, the Translator has thought proper to sul> 
join them to this article of the original. 

In 1696, Mr. Everard, balance maker to the Ex- 
chequer, weighed before the commissioners of the 
house of commons, 2145*6 cubical inches, by the 
Exchequer standard foot, of distilled water, at the 
temperature of 55®, of Fahrenheit, and found that 
it weighed 1131 oz. 14 drs. Troy, of the Exche- 
quer standard. The beam turned with 6 grains, 
when loaded with 30 pounds in each scale. Hence, 
supposing the pound averdupois to weigh 7000 grs. 
Troy, a cubic foot of wacer weighs 62^ pounds 
averdupois, or looo ounces averdupois^ wanting 
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106 grs. Troy. If the specific gravity of wafer 
therefore Be called 1000, the proportional specific 
gravities of all other bodies will express nearly the 
number of averdupôis ounces in a cubic foot. Or, 
more accurately, supposing the specific gravity of 
water expressed by i, and that' of all other bodies 
in proportional numbers, as the cubic foot of water 
weighs, at the above temperature, exactly 437489*4 
grains Troy, and the cubic inch of water 253*175 
grains, thç absolute weight of a cubical foot or inch 
of any body, in Troy grains, may be found by 
multiplying its specific gravity by either of the above 
numbers respectively. 

By Everard's experiment, and the proportions of 
the English and French foot, as established by the 
Royal Society and French Academy of Sciences, 
the following numbers have been ascertained : 

Paris grains, in a Paris cube foot of 

water ... - - 645511 

English grains, in a Paris cube foot of 

water - - - - - 529922 

Paris grains, in an English cube foot of 

' water - - - - - 533247 

English grains in an English cube foot 

of water - '- - - - 437489*4 

English grains in an English cube inch 

of water ----- ^53'^75 

By an experiment of Picard, with the 
measure and weight of the Chatelet, 
the Paris cube foot of water contains of 
Paris grains - - - - 641326 

By one of Du Hamel, made with great 

care - - . - - - 641376 

By Homberg - - - - 641666 
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These results shew some uncertainty in measure 
or in weights ; but the above computation from 
^ Everard's experiment may be relied on ; because 
the comparison of the English foot with that of 
France, was made by the joint labour of the Royal 
Society of London, and the French Academy of 
Sciences. It agrees likewise, very nearly, with the 
weight assigned by Lavoisier, which is 70 Paris 
pounds to the cubical foot of water. 

PROBLEM XVI. 

Ta determine whether a mass of gold or silvery suspected 

to be mixed, is pure or not. 

If the mass or piece, the fineness of which is 
doubtful, be silver for example, provide another 
mass of good silver equally heavy ; so that the two 
"pieces when put into' the scales of a very accurate 
balance may remain in equilibrio in the air. Then 
suspend these two masses of silver from the scales of 
the balance, by two threads or two horse-hairs, to 
prevent the scales from being wetted when the two 
masses are immersed in the water : if the masses 
are of equal fineness, they will remain in equilibrio . 
in the water, as they did when in the air ; but if 
the proposed mass weighs less in water, it is aduU 
terated ; that is to say, is mixed with some other 
metal, of less specific gravity than that of silver, such 
as copper for example ; and if it weighs more, it is 
mixed with some metal of greater specific gravity, 
such us lead. 
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REMARKS. 



I. This problem is evidently the same as that 
v^hose solution gave so much pleasure to Archi* 
medes. Hiero, king of Syracuse, had delivered to 
a goldsmith a certain quantity of gold, for the pur- 
pose of making a croin^n. When the crown was 
finished, the kmg entertained some suspicion in re- 
gard to the fidelity of the goldsmith, and Archi- 
medes was consulted respectmg the best means of 
detecting the fi'aud, in case one had been com- 
mitted. The philosopher, having employed the 
above process, discovered that the gold, of which 
the crown consisted, was not pure. 

If a large mass of metal were to be examined, as 
in the case of Archimedes, it would be sufficient to 
immerse the mass of gold or silver, known to be 
pure, in a vessel of water, and then the suspected 
mass. If the latter expelled more water from the 
vessel it would be a proof of the metal being adul- 
terated by another lighter, and of less value. 

But notwithstanding what Ozanam says, the dif- 
ference between tha weight in air and that in water 
will indicate the mixture with more certainty ; for 
every body knows that it is not so easy, as it may 
at first appear, to measure the quantity of water ex- 
pelled from any vessel. 

II. According to mathematical rigour the two 
masses ought first to weighed in vacuo ; for since 
air is a fluid, it lessens the real gravity of bodies by 
a quantity equal to the weight of a similar volume 
of itself. Since the two masses then, the one pure and 
the other adulterated, are unequal in volume, they 
ought to lose unequal quantities of their weight in 
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the air* But the great tenuity of air^ in regard to 
that of water, renders this small error insensible. 

PROBLEM XVII, 

Tbe same supposition made ; to determine the quantity 

of mixture in tbe gold. 

The ingenious artifice employed by Archimedes, 
is contained in the solution of this problem, and is 
as follows. 

Suspecting that the goldsmith had substituted 
silver or copper for an equal quantity of gold, he 
weighed the crown in water> and found that it lost 
a weight, which we shall call A : he then weighed 
in the same fluid a mass of pure gold, which in air 
was in equilibrio with the crown, and found that it 
lost a weight, which we shall call B ; he next took 
a mass of silver, which in air was equal in weight to , 
the crown, and weighing it in water, found that it 
lost a quantity C. He then employed this propor- 
tion ; as the difference of the weights B and C, is to 
that of the weights A and B, so is the whole weight 
of the crown, to that of the silver mixed in it. The 
answer, in this case, may be obtained by a very 
short algebraical calculation, though the reasoning 
is rather too prolix; we shall however explain it 
after having illustrated this rule by an example. 

Let us suppose that Hierb's crown weighed 20 
pounds in the air, and that when weighed in water 
it lost a pound and a half. Archimedes, by weigh- 
ing in air and in water, a mass of gold containing 20 
pounds, must have found a difference of i^-V 
pound ; and by weighing in like manner à mass of 
silver of 20 pounds, he must have found a difference 



s« 



TO DISCOVEa 



3 



of i^ pound. A8 A, in this case, is equal to 
B to 44, and C to 44. ; hence the diflference of A 
and B is -54, and that of B and C is 4^44 • we must 
therefore use the following proportion : as 444 ^^^ ^^ 
^, so is ao to a fourth term, which will be Vg? =1 
1 1 lbs. 8 oz. 5 dwts. 

The reasoning which conducted, or might have 
conducted, the Syracusan philosopher to this so- 
lution, is as follows. If the whole mass were of 
pure gold, it would lose,^ when weighed in water, 
^ of its weight ; and if it were of pure silver it 
would lose, when weighed in water, Vx ^^ ^^^ 
weight : consequently, if it loses less than the latter 
quandty, and more than the former, it must be a 
inixture of gold and silver ; and' the quantity of 
silver substituted for gold will be greater as the 
quantity of weight which the crown loses in water 
approaches nearer to ^ and vice versa. This mass 
of 20 pounds then must be^ divided into two parts, 
in the ratio of the following differences ; viz, the 
difference between the loss wHich the crown ex- 
periences and that experienced by the pure gold ; 
and the difference between the loss experienced by 
the crown and that eperienced by the pure silver ; 
these will be the proportions of the gold and silver 
mixed together in the crown : and from this reason- 
ing is deduced the preceding rule. 

We n)U8t here observe that it is not necessary to 
take twd masses, ohe of gold and another of silver, 
each equal in weight to the crown. It will be 
sufficient to ascertaih that gold loses a nineteenth of 
its weight, when weighed in water ; and silver one 
eleventh, and perhaps this was really the method 
^ployed by Archimedes, 
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PROBLEM XVIil. 

Suppose there are two boxes exactly cf the same size^ 
similar and of equal weighty the one containing gold 
and the other silver : is it possible^ by any nuit he» 
maticàl means ^ to determine which contains the goldj 
and which the silver? Or^ if we suppose two balls ^ 
the one made of gold and hollow » the other of solid 
silver gilt^ is it possible to distinguish the gold from 
the silver ? 

In the first case, if the masses of gold and silver 
are each placed exactly in the middle of the box 
which contains it, so that their centres of gravity' 
coincido, whatever may be said in the old books on 
Mathemadcal Recreations, we will assert that there 
are no means of disdnguishine them, or at least that 
the methods proposed are defective. . 

, The case is the same in regard to the two. similar 
globes of equal size and weight. 

If we were however under the necessity of 
making a choice, we would endeavour to di- 
stinguish the one from the other in the following 
manner. 

We would suspend both balls by as delicate a 
thread as possible to the arms of a very accurate 
balance, 'such as those which, when loaded with a 
considerable weight, are sensibly affected by the 
' difference of a grain. We would then immerse the 
two balls in a large vessel filled with water, heated 
to the degree of ebullition, and that which should pre- 
ponderate we would consider as gold. For, accord- 
ing to the experiments made on the dilatation of 
metalsythe silver,passing from a mean temperature, to 
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that of boiling water, would probably increase more 
in volume than the gold ; in that case the two 
masses, which in air and in temperate water, were 
in equUibrio, would not be so in boiling water. 

Or, we might make a round hole in a plate of 
copper, of such a size, that both balls should pass 
exactly through it with ease ; we might then bring 
them to a strong degree of heat, superior even to 
that of boiling water. Now, if we admit that silver 
expands more than gold, as above supposed, we 
might apply each of them to the hole in quesdon, 
and the one which experienced the ereater difficulty 
in passing, ought to be accounted silver. 

PROBLEM XIX. 

Two indmed planes A B and A D being ghen, and 
two unequal spheres P and p ; to bring them to an 
equilibrium in the angle^ as seen in the/gure (pi. 3 
fig. 16). 

The globes P and/, will be in equilibrio if the 
powers with which they repel each other, in the 
direciion of the line C Cy which joins their centres, 
are equal. 

But, the force with which the globe P tends to 
descend along the inclined plane B A, which is 
Xnown, the inclination of the plane being given, is to 
the force with which it acts in the diiection C r, as 
radius is to the cosine of the angle ^r C F ; and, in 
like manner, the force with which the weight p 
descends along DA, is to that with which it tends 
to move in the direction c C, as radius is to the 
cosine of the angle Ccf: hence it follows, that as 
these second forces must be equal, the cosine of the 
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U[igTe c must have the same ratio to the cosine of 
the angle C, as the force with which the globe ,P 
tends to roll along B A, has to that with which/ tends 
to roll along D A. 1 he ratio of these cosines there- 
fore is known ; and as in the triangle C G ^ the angle 
G is known, since it is equal to the angle D A B, it 
thence follows that its supplement, or the sum of 
the two angles C and r, is also known ; and hence 
the problem is reduced to this, viz, to dividing a 
known angle into two such parts, that their cosines, 
shall be in. a given* ratio } which is a problem purely 
geometrical. 

l^ut, that we may confine ourselves to the simplest 
case, we shall suppose the angle A to be a right- 
angle. Nothing then will be necessary but to 
divide the quadrant into two arcs, the cosines of 
which shall, be in the given ratio, which may be 
done with great ease. 

Let the force then with which P tends to move 
along its inclined plane be equal to M ; and that of 
p to roll* along its plane equal to m. Draw a line 
parallel to the plane A B, at a distance from it equal to' 
the radius of the globe P, and another parallel to 
the plane D A, at a distance from it equal to the 
radius of /, which will intersect each other in G > 
having then made G L to G /, as m to M, employ 
the following proportion : as L / is to L G, so is 
the sum of the radii of the two globes to G C ; and 
from the point C, dra\y C c parallel to L / .• the 
points C and c will be the places of the centres of 
the two globes, and in this situation alone they will 
be in equilibrio. 
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PROBLEM XX« 

Two bodies, P and J^» depart at the same time from tw$ 
points A and By of two lines given in position^ and 
move towards a and b, with given velocities : re- 
quired their position when they are the nearest to each 
other possible ? ^ (PL 3 fig* 1 7. ) 

If their velocities were to each other in the ratio 
of the lines B D and A D, it is evident that the 
two bodies would meet in D. But supposing their 
velocities diflferent from that, there will be a certain 
point where, without meeting, they will be at the 
least distance from each other possible; and after 
that they will continually recede from each 
other. Here, for example, the lines B D and A D 
are nearly equal. If we suppose then that the 
velocity of P is to that of (^ in the ratio of 2 to i, 
required the point of the nearest approach* 

Through any point R, in A D, draw the line 
ïtS parallel to BD, and in such a manner, that 
A R shall be to R S, as the velocity of P is to that 
of Qj that is to say, in the present case, as 2 to i ; 
produce indefinitely the line AST, and from the 
point B draw B C perpendicular to A T ; through 
the point C draw C £ parallel to B D, till it meet 
A D in £ ; and having drawn £ F parallel to C B, 
meeting B D m F, the points F and E, will be 
those required. 

PROBLEM XXI. 

To cause a cylinder to support itself on a plane y inclined 
to the horizon^ without rolling down ; and even té 
ascend a little along that plane. X^^* 3 ^S* '^)* 
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If a cylinder be homogeneous, and placed on an 
inclined plane, its axis being in a horizontal situ- 
ation, it is evident that it vyll roll down ; because 
its centre of gravity being the same as that of the 
figure, the vertical line, drawn from this centre, 
will always fall beyond the point of contact of the 
lowest side ; consequently the body must of necessity 
roll down towards that side. 
. But, if the cylinder be heterogenous, so that its 
centre of gravity is not that of the figure, it may 
support itself on an inclined plane, provided the 
angle which the plane makes with the horizon does 
not exceed certain limits. 

Let there be a cylinder, for example, of which 
H F D is a section perpendicular to the axis. To 
' remove its centre of gravity from the centre of the 
figure, make a grove in it parallel to its axis, of a semi- 
circular form, and fill it with some substance F much 
heavier, so* that the centre of gravity of the cylinder 
shall be removed from C to E. Let the inclined plane 
be A H, and let B (i be to G A in a less ratio than 
CF to CE. The cylinder may ihen support itself on 
the inclined plane, without rolling down ; and if it 
be moved from that position, in a certain direction, 
it will even resume it by rolling a little towards the 
summit of the plane. 

For, let us suppose the cylinder placed on the 
inclined plane with its axis horizontal, and its centre 
of gravity in a line parallel to the" plane, and passing 
through the centre, in such a manner that the 
centre of gravity shall be towards the upper part of 
the plane, fig. ig. Through the point of contact, 
D, draw C D H, perpendicular to the inclmed 
plane, and I D ^ perpendicular to the horizon. We 
shall then have BGto GA, or BI toID, asDI 
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to I H9 or as DC to C ^ ; and since the ratio of 
JBG to G A is less th^ that of CF or C D taC E, 
it follows that C^ is less than CE, consequently 
the vertical line drawn from the point £ \will fall 
without the point of contact towards A ; the body 
therefore will have a tendency to fall on that side, 
and will roll towards it ascending a very little till its 
centre of gravity Ë has assumed a position as seen 
fig. 18, where it coincides with the vertical line 
passing through the point of contact. When the 
cylinder ariives at this situation, it will maintain 
ilself in it> provided neither its surface nor that of 
the plane be so smooth as to admit of its sliding 
parallel to itself. In this situation it will even have 
greater stability, according as the ratio of B G to 
G A is less than that of C F or C D to C E, or as 
the angle A B G or C D (? is less than C D.E. 

Ihis is also a truth which we must demonstrate. 
For this purpose, it is to be remarked that E, the 
. centre of gravity of the cylinder, in rolling along 
the inclined plane, describes a curve, such as is seen 
m fig- 20 ; this is what geometricians call an 
elongated cycloid, which rises and descends alter- 
nately below the line drawn parallel to the inclined 
plane, through the centre of the cylinder. But, 
the cylinder being in the position represented in 
fig. 20, if the line E D be drawn from the centre 
of gravity to the point of contact, it may be demon^ 
strated that the tangent to the point E of that curve, 
is perpendicular to DE: if the inclination of the 
plane therefore is less than the angle C D E, that 
tangent will meet the horizontal Une towards the 
ascending side of the plane ; and the centre of 
gravity of the cylinder will then be as on an inclined 
plane IK} consequently it must descend to the 
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point L of the hollow of the curve, which it describes, 
where that curve is touched by the horizontal line. 

When it reaches this point it cannot deviate from 
it, without ascending on the one side or the other : 
if it be then removed a little from this pointy it will 
return to its former position. 

PROBLEM xxn. 

Ti tomtruct a clock which shall point out the hours y by 
rolling down an inclined plane* 

This small machine, invented by an Englishman 
named Wheeler, is exceedingly ingenious, and ig 
founded on the principle contained in the solution 
of the preceding problem. 

It consists of a cylindrical box, made of brass, 
four or five inches in diameter, and having on ohe 
side a dial plate, divided into 1 2 or 24 hours. In 
the inside, represented by fig. 21, is a central 
wheel, which by means of a pinion moves a second 
wheel, and the latter moves a third, &c, while a 
scapement^ furnished with a balance or spiral spring, 
acts the part of a moderator, as in common watches. 
To the central wheel is affixed a weight P, which 
must be sufficient, with a moderate inclination, as 
20 or 30 degrees, to move that wheel, and those 
which receive motion from it. But, as the machine 
ought to be perfectly in equilibrio around its central 
axis, a counteracting weight of such a nature, that 
the machine shall be absolutely indifferent to every 
position argund this axis, must be placed diametri- 
cally opposite to the small system of wheels 2, 3, 4, 
&c. When this condition has been obtained, the 
moving weight P must be applied ; the effect of 
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which will be to make the central wheel, r, revolve, 
and by its means the clock movement 2, 3, 4, &c ; 
but, at the same time that this motion takes place, 
the cylinder will roll down the plane a little, which 
will bring the weight P to its primitive position, so 
that the effect of this continual pressure will make 
the cylinder roll while the weight P changes its 
place relatively, in regard to the cylinder, but not in 
regard to the vertical line. The weight P, or the 
inclination of the plane, must be regulated in such 
a manner, that the machine shall perform a whole 
revolu^on in twenty-four or twelve hours. The 
handle must be affixed to the common axis of the 
central wheel and weight P; so that it shall always 
look towards the zenith or the nadir. If more 
ornaments are required, the axis may support a 
small globe with a figure placed on it, to point out 
the hours with its finger raised in a vertical position. 
It may be readily conceived, that when the machine 
has got to the lowest part ctf the inclined plane, to 
make it continue going, nothing \idll be necessary 
but to cause it to ascend to the highest. If it goes 
rather too slow, its movement may be accelerated 
by raising up the inclined plane, and vice vena. 

PROBLEM XXIIT. 

To construct a dressy by means of which it ivill he 
impossible to sink in the water, and which shall leave 
the person^ who wears it, at full freedom to make 
every kind of movement. 

As a man weighs very nearly the same as an 
equal volume of water, it is evident that a mass of 
some substance much lighter than that fluid may be 
added to his body, by which means both together will 
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be lighter than water, and of course must float. It is 
in consequence of this principle that, in order to learn 
to swim, some people tie to their breast and back two 
pieces of cork, or affix full blown bladders below 
their arms. But these methods are attended with 
inconveniences, which may be remedied in the 
following manner. 

Between the cloth and lining of a jacket, without 
arms, place small pieces of cork, an inch and a 
half square, and about half or three quarters of an 
inch in thickness. They must be arranged very 
near to each other, that as little space as possible 
4nay be lost ; but yet not so close as to affect in any 
great degree the flexibility of the jacket, which 
must be quilted to prevent their nioving from their 
places. The jacket must be made to button round 
the body, by means of strong buttons, well sewed 
on ; and to prevent its slipping off, it ought to be 
fliriiished behind with a kind of girdle, so as to 
pass between the thighs and fasten before. 

By means of such a jacket, which will occasion 
as little embarrassment as a comhion dress, people 
may throw themselves into the water with the 
greatest safety ; for if it be properly made the water 
will not rise over their shoulders. They will sink 
to little, that even a dead body in that situation 
would infallibly float. The wearers therefore need 
make no effort to support themselves ; and while in 
the water they may read or write, and even load a 
pistol and fire it. In the year 1767 an experiment 
was made of all these things, by the abbé de la 
Chapelle, fellow of the royal society of London, by 
whom this jacket w^s invented. 

It is almost needlesss to observe how useful this 
invention might be on l^d as well as at sea. A 
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sufficient number of soldiers, provided with theM 
jackets, might pass a deep and rapid river in the 
night time, armed with pistols and sabres, and sur« 
prise a corps of the enemy. If repulsed, they could 
throyr themselves into the water, and escape without 
any fear of being pursued. 

During sea voyages, the sailors,^ while employed 
in dangerous manœuvres, often fall over board and 
are lost; others perish in ports and harbours by 
boats oversetting in consequence of a heavy swell» 
oi* some other accident ; in short, some vessel or 
other is daily wrecked on the coasts, and it is not 
without difficulty that only a part of the crew are 
saved* if every man, who trusts himself to this 
perfidious element, were furnished with such a cork 
jacket, to put on during the moments of danger, 
it is evident that many of them might escape death. 

PROBLEM XXIV. 

To construct a boat which cannot be sunk^ even if tlje 
water should enter it on all sides. 

Cause a boat to be made with a false bottom, 
placed at such a distance from the real one, as may 
be proportioned to the length of the boat, and to 
its burthen and the n,umber of persons it is intended 
to carry. According to the most accurate calcula- 
tioji, this distance, in our opinion, ought to be one 
foot, for a boat eighteen feet in length, and five or 
six in breadth. The vacuity between this false 
bottom and the real one ought to be filled up with 
pieces of cork, placed as near to each other as 
possible : and as the false bottom will lessen the 
sides of the boat, they may be raised proportionally^ 
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leaving large apertures^ that the water thrown into 

the vessrel may be able to run offi It may be pro- 
per also to make the stem higher, and to furnish it 
with a deck, that the people may take shelter under 
it, in case the boat should be thrown on its side by 
the violence of the waves. 
Boats constructed in this manner might be of 

Eeatt utility for going on board a vessel i)îng in a . 
rbour, perhaps several miles from the shore ; or 
for going on shore from a ship anchored at a di- 
stance from the land. Unfortunate accidents too 
often happen on such occasions, when tTiere is a 
heavy surt, or in consequence of some sudden gust 
of wind ; and it even appears that sometimes the 
greatest danger of a voyage is to be apprehended 
under circumstan(;es of this kind. But boats con- 
structed on the above principle would prevent such 
accidents. 

Much we confess is to be added to this idea, 
presented here in all its simplicity ; for spme changes 
perhaps ought to be made in the form of the vessel j 
or heavy bodies ought to be added in certain places 
to increase its stability. This is a subject of research 
well worth attention, as the result of it might be 
the preservation of thousands of lives every yea;-. > 

For this invention we are, indebted to M. dc 
Bemieres, one of the fo%r controllers general of 
bridges'and causways ; who in 1769 constructed à 
boat of this kind for the king. Me afterwards con- 
structed another with improvements for the duke de 
Chartres ; and a third for the marquis de Marigny. 
The latter was tried by filling it with warer, ot 
endeavouring to make it overset } but it righted as 
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* soon as left to itself; and though filled with water^ 
was still able to carry six persons. 

By this invention the number of accidents which 
befttU those who lead a sea-faring life, may in future 
be diminished ; but the indiflference with which the 
invention of M. de Bemietes was received, shews 
how regardless men are of the most useful disco- 
veries, when the general interests of humanity only 
are concerned, and when trouble and expence are 
required to render them pracdcally useful*. 

PROBLEM XXV. 

Iloiv to raise from the loiiom of the sea a vessel "which 

has sunk. 

This difficult enterprise has been several times 
accomplished by means of a very simple hydrosta- 
tical principle, viz, that if a boat be loaded as much 
a^ possible» and then unloaded, it tends to raise 
Itself with a force equal to that of the weight of the 
volume of water which it displaced when loaded. 
And hence we are furnished with the means of em- 
ploying very powerful- foices to raise a vessel that 
has been sunk. 

The number of boats employed for this purpose, 
must be estimated according to the size of the 
vessel, and by considering that the vessel weighs 
in water no more than the excess of its weight over 
an equal volume of that fluid; unless the vessel is 
firmly bedded in the mud ; for then she must be 
accounted of her full weight. The boats being 

* Vessels constructed on this principle, and known under thé 
name of life -boats, are now used we believe on diâcreiK parts cf the 
British coasts \ particularly at Shields, &c. 
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ktîànged in two rows, one on each sîde of the sunk 
Vesisel, the" ends of cables, by means of divers, 
must be made fast to diflFerent parts of the vesset, 
so that there shall be four on each side, for each 
boat. The ends of these cables, which remain 
above water, "are to be fastened to the head 
.and stem of the boat for which they are intended. 
Thus, if there are four boats on -each side^ there 
must be thirty-two cables, being four for each 
boat. - 

When every thing is thus arranged, the boats 
•ate to be loaded as much as they will bear without 
sinking, and the cables must be stretched as much 
as possible. The boats are then to be unloaded, 
two and two, and if they raise thé vessel, it is a 
sign that there is a sufficieilt number of them ; but, 
m raising the vessel, the cables affixed to the boats 
which retiiain loaded will become slack, and for 
this reason they must be again stretched as much 
as possible. The rest of the boats are then to be 
unloaded, by shifting their lading into the former. 
The vessel will thus be raised a little morej and the 
cables of the loaded boats will become slack ; these 
tables being again stretched^ the lading of the latter 
boats must be shifted back into the others, which 
will raise the vessel still a little higher ; and if thia 
operation be repeated aâ long as necessary, she may 
be brought to the surface of the Avàter, and con- 
veyed into port, or into dock. 

An account of the manoeuvres employed to raise, 
in this manner, the Tojp, a Spanish ship belonging' 
to the Indian fleer, sunk in the harbour of V igo, 
during the battle on the loth of Octobel* 1702, 
may be seen in the Mémoires des Académiciens 
étrangers y vol. IL' But as this vessel had remained 
itiorê than thirty-six years in that state^ it was itti- 
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bedded in a bank of tenacious clay ^ so that it fi^ 
quired incredible labour to detach it ; and whes 
brought to the sûr&ce of the water, it contained 
none of the valuable articles expected. It had been 
one of diose unloaded by the Spaniards themselves^ 
before they were sunk, to prevent them from idling. 
into the hands^ of the English. 

additions. 
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On tne same principle is constructed the camel, 
a machine employed by the Dutch for carrying 
vessels heavily laden over the sand banks in the 
2uyder-Zee. In that sea, opposite to the mouth of 
the river Y, , about six miles from the city of Anv 
sterdam^ there are two sand banks, between which 
is a passage, called the Pampus, sufficiently deep for 
$mall vessels, but not for those which are large and 
heavily laden. On thi» account ships which are out* 
^ard bound, take in before the city only a small part 
of their cargo, receiving the rest when they have got 
through the Pampus. And those that are homeward 
bound must in a great measure unload before they 
enter it. For this reason the goods are put into light-^ 
ers, and in these transported to the warehouses of the 
merchants in the city j and the large vessels are then 
made fast to boats, by means of ropes, and in that 
manner towed through the passage to their stations. 
Though measures were adopted, so early as the 
middle of the sixteenth century, by forbidding bal- 
last to be thrown into the Pampus, to prevent th^ 
farther accumulation of sand in this passage, that 
inconvenience increased so much, from other causes, 
as to occasion still greater obstruction to trade ; and 

If ât length became impossible for ships of war and 
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dîiers heavily laden to get through it. About the 
year 167^, no other remedy was known, than that 
of making fast to the bottoms of ships large chests 
filfed vnth wajtcr, which was afterwards pumped out, 
so that the ships were buoyed up and rendered suf- 
ficiently light to pass the shallow. By this method^ 
which was attended with the utmost difficulty, the 
Butch carried out their numerous fleet to sta in the 
above-mentioned year. 'Ihis plan however gave 
rise soon after to the invention of the camel, by 
which the labour was rendered easier. The camel 
consists of two half jships, constructed in such a 
manner that they can be applied^ below water, on 
each side of the hull of a large vessel. On the 
deck of each part of the camel are a great many 
horizontal windlasses ; from which Vopes proceed 
through apertures in the one half, and, being car- 
ried under the keel of the vessel, enter similar 
apertures in the other, from which they are con- 
veyed to the windlasses on its deck. When they 
are to ht used, as much water as may be necessary 
is suffered to run into them ; all the ropes are cast 
loose, the vessel is conducted between them, and 
large beams are placed horizontally through the 
jport holes of the vessel, with their ends resting on 
jthe camel, o^ each side. When the ropes are made 
fast, so that the ship is secured between the two 
parts of the carnel, the water is pumped from thein, 
by which means they rise, and raise the ship along 
with them. Each half of the camel is generally 1 27 
feet in length J the breadth at one end is 22, and 
at the other 1 3. The hold is divided into several 
compartments, that the machine may be kept in 
equilibrio, while the water is flowing into it. An 
£^st-Iadia ship that draws 15 feet of water, can by 
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(he help of the camel be made to draw only 1 1 j 
^d the heaviest ships of war, of 90 or i op guns^ 
can be so lightened, as to pass without obstruction 
9II the sand banks of the Zuyder^Zee. 

Leupold, in his Theatrum machinarum^ says that 
the camel was invented by Cornelius Meyer, a 
Dutch engineer. But the Dutch writers, almost 
imanimously, ascribe this invention to a citizen 
of 'Amsterdam, called Meeuves Meindertszoon Bak- 
ker. Some make the year of the invention to have 
been 1688, and others 1699. However this may 
be, we are assured on the testimony of Bakker 
Jumsclf, written in 169^, and still preserved, that 
in the ipp^th of June, when the water was at its 
usual height, he conveyed in the course of twenty- 
four hours, by the hjelp of the camel, a ship of war . 
called the Maagt var\ Lnkhtd^sen, which was 156 
feet in length, from Enkhuysen hooji^ to a place 
where there was sufficient depth ; and that this 
could have been done much sooner had not a per- 
fect calm prevailed at the time. In the year 1093, 
he rai§ed a ship called the Vnic^ six feet by the help 
of this machine, and conducted her to a place of 
safety. 

As ships built in the Newa cannot be conveyed 
into harbour^ on account of the sand banks formea 
by the current of that river, camels are employed 
also by the Russians, to carry ships over these 
shoals : and they have them of various sizes» Ber- 
nopUi saw one, each half of which was 2 1 7 feet in 
length, and 36 in breadth. Camels are used like- 
wise at Venice *, 

* An engraving of the camel may be «en in, V Art de hatlr ks 
yoisieaux \ Amsterdam 1719.410. vol. II. p, 93. Stç also the ii«i).r 
ç.ùféilit', Paris edition, vol. If I. p. 67. 
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PROBLEM XXVI. 

To make a bodtf ascend as if of itself along an inclined 
flane, in consequence of its own gravity. 

Provide a double cone (fig. 22 pi. 5J, that is to 
say two right cones united at their bases, so as to 
have a common axis. Then make a supporter, con- 
sisting of two branches, forming an angle at the 
point C (fig. 23), which must be placed in such a 
manner that the summit C, shall be below the hori- 
zontal line, and that the two branches or legs shall 
be equally inclined to the horizon. The line A B 
must be equal to the distance between the summits 
of the double cone, and the height A D a little less 
,ihan the radius of the base. These conditions being 
supposed, if the double cone be placed between the 
legs of this angle, it will be seen to roll towards 
the top; so that the body, instead of descending, 
will seem to ascend, contrary to the affection of 
gravity : this however js not the case ; for its cen- 
tre 0/ gravity really descends, as we shall here 
shew^ 

Let ac {ûg. 24) be the inclined plane, contain- 
ing the angle A C B ; ce the horizontal line, pass- 
ing through the summit ^, and consequently ea will 
be the elevation of the plane above, the horizontal 
line, which is less than the radius of the circle 
forming the base of the double cone. It is evident 
that when this double cone is at the summit of the 
angle, it will be as seen 2tcdy and when it reaches 
the highest part of the plane, it will have the posi- 
tion seen at af: its centre then will have passed 
from d to /?, and since d cis equal to af ^tnd c eis 
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the horizontal line, c f will be a line declining 
below the horizon ; .and consequently d a, which is 
parallel to it, will be so also. The centre of gravity 
of the cone will therefore have descended, wbUe the 
cone appeared to ascend. But, as has been already 
seen,' it is the descent or ascent of the centre of 
gravity that determines the real descent or ascent 
of a body^ As long as the centre of gravity can 
descend, the body therefore really moves in that 
direction, &c. 

It will be found, in the present case, that thç 
course of the centre of gravity, in its whole descent, 
•is a straight line. Ijut a parabola or hyperbola 
might be situated in the same manner, with its sum* 
loit downwards, and in that case the course of the. 
centre of gravity of the double cone would be a 
corvee This may furnish a subject of exçrçise for 
young geomietriciansr 

JPROBLEM XXVII. 

•7b construct a clock with zvater. (Fig. 25 pi. 5.) 

If the water whîch issues from a cylindric vessel, 
through a hole formed in its bottom, flowed in a. 
uniform manner, nothing would be easier than to 
construct a clock to indicate the hours by means of 
water. But it is well known that the greater the 
height of the water above the orifice, through which 
it issues, the greater is tl\e rapidity with which it 
flows ; so that the vertical divisions ought not to be 
equal : the solution of the problem therefore con- 
sists in determining their ratio. 

It is demonstrated in hydraulics, that the velo- 
city with which water flows fropi a vessel, througl^ 



a very small orifice, is proportional- to the square 
root of the height of the water above the apertuiie. 
And hence the following rule, for dividing the 
height of the vessel, which we suppose to be cylin^ 
drical^ has been deduced. 

If we suppose that the whole water can flow out 
in twelve hours ; divide the whole height into 1 44 
parts ; then 23 of these will be emptied in the first 
hour ; so that thfire will remain 121 for the other 
eleven. Of these 121 parts, 0,1 will be emptied 
during the ^ecoml hour ; then 1 9 will be emptied 
in the third, 17. in the fourth, and so on. JVs the 
144th division therefore corresponds to- twelve 
hours> the 1 2 ist . will . correspond to eleven ; the 
looth to ten; the 81st to nine, &c, till the last 
hour, during which only one division will be 
emptied. These divisions will comprehend in the 
retrograde order, beginning at the lowest, the firsts 
I part ; the second, 3 : the third, 5 ; the fourth, 7 ; 
&c ; which is exactly the ratio of the spaces passed 
over in equal times by a body falling freely in con* 
sequence of its gravity. 

i3ut, if it were required diat the divisions, in the 
vertical direction, should be equal in equal times» 
what figure ought to be given to the vessel? 

The vase, in this case, ought to be a paraboloid, 
formed by the circumvolution of a parabola of the 
fourth degree ; or the biquadrates of the ordinatses 
ought to be as the abscissas. If an orifice of a pro« 
per size were made in the summit of this paraboloid; 
and if it were then inverted ; the water . would flow 
from it in such a manner, that equal spaces of the 
vertical height would be emptied in equal times. 

fb^ method of describing this parabola is as 
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^ MIows. Let A BS (fig. 26 pi. 5). bo a common.^ 

pai'abola, the tms of which is P S, and the summit 
S. ' Draw, in any manner, the line R r T, parallel 

f to that axis, and then draw any ordinate of the pa- 

rabola A P, intersecting R T in R ; make P (5 a 

j siean proportional between P R and P A ; and let 

/ ^ be a mean proportional also between p r and 
/ a ; and so on. The curve passing through all 
the points Q^ çf, &c, will be the one required ; and 
It may be employed to form a mould for construct-» 
iig a vessel of the required concavity. To what* 
erer height it shall be filled with water, equal 
iieigfats will always be emptied in equal times. 

In another part of this work, we shall give a 
method of making equal quantities of water flow 
from a vessel of any form in equal times. As thia 
depends on the property of the syphon, it belongs 
to a different head. 

PROBLEM XXVIir. 

« 

A point bi'hig given, and a line not horizontal^ to find 
i/je position of the inclined plane along which^ if a 
tody descend, setting otct from the given painty it 
^hall reach that line in the least time* 

This mechanical problem is exceedingly curious, 
and admits of a very elegant solution. Let A be 
the given point, and B C the given line. From the 
point A, draw the vertical line A D, and A E per- 
pendicular to the given line ; then from the point 
D^ where the vertical line meets B C, draw D G 
parallel to A F, and equal to A D : if A G be then 
drawn intersecting B C in F, the line A F will bç 



thf posittbft of the plane along which a body, setting 
out from A, and' descending by the effect of its 
pwn gravity^ will arrive ^t the line B C in less time 
than by any other plane differently inchnéd. 
' / To demonstrate this problem, draw F H parallel 
to A£ or P G, till it meet the vertical line A I>in 
H. On account of the similar triangles then, we 
shall have A D to D G, as AH to HFj conse- 
qumtly, D G being equal i:o À D^ AH vnil be 
equal to H F^ which is also perpendicqlar to B C, 
because it is parallel to A £. THe circle therefore 
described from the point H, as a centre, through 
the point A,will pass through F, and touch thé 
lineBC. . . 

' But it is well known, th^t if a vertical diameter^ 
as A H L be drawn in a circle, and any cords A F 
and A K, a body left to descend by the effect of 
its own gravity will pass over the spaces represent- 
ed by these lines, in the same time. Since the time 
then employed to fall along A K or A I, is equal 
to that employed tor fall along A F, the time re- 
quired to fell aloxig- A D or A E will be greater 
than that employed* to descend along A F. And 
the same reasojiSng bdng applicable to all the other 
lines that can be drawn from the point A to B Q 
It follows that A F is the line along which the body 
will arrive, in the least time, at the line B C. 

If the line B C were vertical, A É would then be 
horizontal, as well as D G ^ AD and D G would 
both be inanité, and equal; which would give 
the angle FAB equal to 45^. Hence it follows^ 
that in this case it would be along a plane inclined 
at an an^le of 45^ that the body, left to itself, 
would amve at the vertical line in the least time 
possible. 



■- > 



6i LINE or QJJICKEsr 



PHOBLEM XXIX. . 

Two points fA:4ndB being given in iln same horizontal, 
line ; required the position of two planes A C aiiU 
C B^ of such an inclination^ tljot two bodies descends 
ing with accelerated velocity from A to C, and' then 
ascending along C B with the acquired velocity^ shall 
do so in the lea$t turn possible ^ (Kg. 28 pi. 5,) , 

It û evident that a body placed at A, on the 
borlzQmal line ^ Bf would rcma^ there eternally 
«?Uhout mQvii% towvds B. lb make it proceed 
therefore by the effect of its own gravity from A to 
B^ it mast fall along an inclined plane or a curve ; 
so that, after having descended a certain space, it 
eball ascend along a second plane, or the remainder 
of the curve, as far as B. But we shall suppose that 
this is done by means of two inclined planes. It is 
here to be observed, that (he dme emploved to de* 
5cend and ascend, must be longer or shorter ac- 
cording to the inclination and the length of these 
planes» The question then is, to determine what 
position of them is most advantageous, in order that 
die time may be the least. Now it will be found 
that to obtain the required position, the two planet^ 
must be equal, and inclined to the horizon at an 
angle of 45^; that is to say, the triangle A C B 
ought to be isosceles and rij^ht-angled at C. 

This solution is deduced from that of the preceding 
problem } for if we conceive a vertical line drawn 
through the point C, it has been shewn that the 
plane A C, inclined at an angle of 4 c degrees, is the 
most favourably disposed to make the body, sliding 
along it, arrive at the vertical line in the lea^ tiipe 
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i>oâsib!e ; but the time of the ascent alang C B, is 
equal to that of the descent ; whence it follows Âat 
their gum, or the double of the former, is also the 
shortest possible. 

PROBLEM XXX. 

y a chain and two buckets be employed to draw up 
water from a well of very great depth ; it is required 
to arrange the apparatus in siuh a manner , that in 
every position of the buckets^ the weight of the chain 
shall be destroyed ; so that the weight to be raised 
shall be that only of the water contained in the as- 
cending bucket. (Fig. 29 pi. 6.) 

If two buckets be suspended from the two ends of 
* a rope or chain, so as to ascend and descend alter* 
nately, while the rope rolls round the axis or whtel of 
the windlass, which serves to raise them, it is evident 
that when one of the buckets is at the bottom, the 
person who begins to raise it has not only the 
weight of the bucket to support, but that also of 
the whole chain or rope from the top to the bottom 
of the well ; and there are some cases, as in mmes 
of three or four hundred feet in depth, where the 
weight of several quintals must be overcome to raise 
only two or three hundred pounds to the mouth of 
die mine. Such were the mines of Pbntpcan, until 
M. Loriot suggested a remedy for this inconve"- 
nieniée. 

• This remedy is so simple, that it is astonishing na 
one ever thought of it before Nothing indeed iff 
necessary but to convert the rope or chain into a 
cbmplcte ring, one of the endj of which descends 
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to the depdi where the water or the ore h to j[)^ 
drawn up, and to affix the buckets to two points 
of the rope in such a manner that when one pf 
them is at the highest part, the other shall be at the 
lowest. For it is evident that, as 'equal patts of the 
chain ascend and descend, these parts will councer* 
balance each other ; an4 the weight to be raised, 
were the pic several thousand feet in depth, will bt 
that only of the ore or other substances drawn up. " 
The case would evidently be the same if there 
were only one bucket : in every position, the only 
weight to be raised would be that of the bucket, 
and the matter it contained ; but the machine would 
be attended with only one half of its advantage; for, 
by having no more than one bucket, the time which 
the bucket when emptied would employ in descend^» 
îng would be lost. 
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In the Memoirs of the Academy of Sciences for 
1731, M. Camus gave another method of remedying 
the above inconvenience. It consists, when there 
IS only one bucket, in employing an axis nearly in 
the form of a truncated cone ; so that when the 
bucket is at the lowest depth, the rope is rolled 
round the part which has the least diameter ; and 
when the bucket is at the top, it is rolled round 
that which has the greatest. By these means, the 
same Force is always required. But it is evident 
that, in every case, more must be applied than is 
necessary. 

When there are two buckets, M, Camus proposes 
that one half of the rope should be rolled round 




one half of the axis, which he divides into two 
equal parts ; so that one half is covered by the rope 
belonging to the bucket raised up, while the other 
is uncovered, the bucket which corresponds to xt 
being. at the bottom. By these means the two 
efforts are combined in such a manner, that nearly 
the same force is always required to overcome 
them. But these inventions, though ingenious, are 
inferior to that of M. Loriot. 

PROBLEM XXXI, 

Me//jod of constructing a Jack which moves by means 
of the smoke of the cbimJiey. (Fig. 30 pi. 6.) 

The construction of this kind of jack, which is 
very ingenious, is as follows. An ipon bar fixed 
in the Mck of the chimney, and projecting from it 
about a foot, serves to support a perpendicular 
spindle, the extremity of which turns in a cavity 
formed in the bar ; while the other extremity is 
fitted into a collar in another bar, placed at some 
distance above the former. This spindle is sur« 
rounded with a helix of tin plate, which makes a 
couple of revolutions, or turns round the spindle, 
and which is about a foot in breadth. But fnstead 
of this helix, it will be sufEcient to cut several pieces 
of rin plate, or sheet iron, and to fix them to the 
spindle in such a manner that their planes shall form 
with it an angle of about 60 degrees; they must be dis- 
posed in several stories, above each other ; so that 
the upper ones may stand over the vacuity left by 
the lower ones. " The spindle, towards its summit, 
t)ears a horizontal wheel, the teeth of which turn à 
pinion having a horizontal ^axis, and the latter,;^ 
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îtg cxtreniîty, is furnished vrfth à pulley, ârotiha 
ivhîch ils rolled thé endless chain that turns thé 
Spit, iuch is the coiistructioh of this machine, the 
action of which may be explained in the following 
manner. When a fire is kindled in the chimney, 
the aîr which by its rarefaction irnmediately tends , 
ÏO ascend, meeting with the helicoid surface, ot 
kind of inclined vaneSj causes the spindle, to which 
they are affixed, to turn round, and consequently 
communicares the same motion to the spit. The 
brisker the fire becomes, the quicker the machine 
moves, because the air ascends with greater ra* 
pidity. 

When the machine is not used> it may bè takeii 
down, by raising the vertical spindle a little, and 
removing the point from its cavity ; which will 
allow the summit to be disengaged from the coUaf 
ut which it is made to turn. When wanted for use> 
it may be put up with the same ease. 

RLMARK^. 

I St. The following mechanical amusement ii 
founded on the same principle. Cut out from a 
card as large a circle as possible ; then cut in this 
circle a spiral,^ making three or four revolutions, 
and ending at a small circle, reserved around the 
centre, and of about a line or tw^o in diameter ; 
extend this spiral by raising the centre above the 
first revolution, as if it were cut into a conical sur- 
face or parabolid ; then provide a small spit made 
of iron, terminating in a point, and resting on â 
supporter. Apply the centre or isummit of thé 
helix to this point ; and if the whole be placed on 
the top of a warm stove, the machine will soon 
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jput itself in motion, and turn without the assist- 
ance of any apparent agent. The agent however in 
this case is the air^ which is rarefied by the contact 
of a warm body, and which ascending forms a cur* 
rent. 

id» There is no doubt that a similar invention 
Inight be applied to works of great utility : it might 
be employed, for example, in the construction of 
wheels to be always immersed in water, their axis 
being placed parallel to the current: to give the ' 
water more activity this helicoid wheel might be in- 
closed in a hollow cylinder, where the water, whea 
it had once entered, being impelled by the current 
above it, would in our opinion, act vdth b great 
force. 

If the cylinder were placed in an erect position, 
so as to receive a fall of water through the aperture 
at the top, the water would turn die wheel and its 
axis, and might thus drive the wheel of a mill, or of 
any other machine. Such is the principle of motion 
employed in the wheels of Basacle, a famous mill at 
Toulouse. 

3. The smoke jacks here in England are made 
somewhat different from that above described ; 
being mostly after the manner of that exhibited in 
fig. 55 plate 1 3 : where A B is a circle containing the 
smoke vanes, of thin sheet iron^ all fixed in the 
centre, but set obliquely at a proper angle of in- 
clinadon. The other end of the spindle has a 
pinion C, which turns the toothed wheel D, on the 
spindle of which is fixed the verti<ial wheel E, over 
which passes the chain £F which turns the spit 
below. There are other forms of this useful ma- 
chine also made j but all or mosi^ of them having 

VOL. II. F 



60 BALÀNCIKG 

the same kind of vanes in the circle AB^ instead 
of the spiral form in the original. 

PROBLEM XXXII. 

"WiM is it that supports in an upright position, a top 
or tetotum, while it is revolving f 

. It is the centrifugal force of the parts of the top 
ot tetotum, put in motion. For a body cannot 
m^ve circularly without making an effort to fly off 
from the centre ; so that if it be affixed To a string, 
. made fast to that centre, it will stretch it; and in a 
greater degree accormng as the circular motion is 
,nK5re rapid. 

The top then being in motion, all its parts tend 
tb recede from the axis, and with greater force the 
more rs^pidly it revolves ; hence it follows that these 
parts ^e like so many powers acting in a direc- 
tion perpendicular to the axis. But as they are 
all equal, and as they pass all round with rapidity 
by the rotation, the result must be that the top is 
in equilibrio on its point of support, or the extre- 
mity of the axis on which it turns. 

PROBLEM XXXIIU 

Hw; conies it that a sticky loaded with a weight at the 
upper extremity, can be kept in equilibrio^ on the point 
of the finger^ much easier than when the weight is 
near the lower extremity ; or that a sword^ for ex- 
ctmple, can be balanced on the finger much better j 
when the hilt is uppermost ? 

The reason of this phenomenon, so well known to 
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ill those wbo perform feats of b^ilwciDg, il as bU 
lows. When the urdlglit is at a coj^d^r^e distance 
from the pomt of suf^pKMrc, ire centre of grayity^ in 
deviating either qn the one $ide or the other froni 
a perpendicular direction, describe» a larger drcle, 
tiûn vhen the wei^ 10 very near tp the centre of 
rotadoQ, or the point of supp^t^ 9\^t in a large 
circle aaarc of a deti^minati? fi^gnitud^^ m^ as an 
inch, descr&es a curve which ^kviates imich less 
bom a horizontal direction than if ffae radius of jthe 
prcle were iess. The centre of gravity of the 
wdgfat then may, in the first ca^e, oeviate from the 
perpendicular the quantity of m inch, for eKample, 
without having a tendency or force to deviate more, 
than it would in the second case ; for its tendency 
Co deviate altogether from the perpimdicukr is 
greater, according as the tangent tp that point cf 
die arc where it happens to be approaches more cç 
a verdcal direction. The greater l^erefore Ap 
circle described by the centre of |^ayîty of the 
weight, the less is its tendeticy tp rail, a^d coaser 
que^tly the greater dbie &ciUty vkh whiich k can be 
keçt in equilibrio. 

• 

PRO^LEU KXXIir. 

/yhaS is the mûsi adventag^cfus pasitim cf the frtf 
for staitfUng wUb fmmess^ in an erect pasture ? 

It is cuatomaiy among well bred people to turn 
their toes («upwards ; that is to aay, to place their 
iset in such a manner, that the line passing througb 
ihe middle of the sole, is voiorç or less obtique tp 
the direction towards wbiçh the person is turned. 
•Being induced by this ckçumatan^e tp Quyutre 
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ther this custom, to which an idea of gracefulness is 
atttached, be founded on any physical or mechanical 
reason, ve shall here examme it according to the 
principle of mechanic». 

Every body whatever rests with more stability on 
its base, according as its centre of gravity, on' ac- 
count of its position and the extent of that base, is 
less exposed to be carried beyond it by the effect 
of any external shock. The problem then, in con- 
sequence of this very simple principle, is reduced 
to the following : To determine whether the base, 
within' which tne line drawn perpendicular to thé 
horizon from the centre of gravity of the human 
body ought to fall, is susceptible of increase and 
diminution, according to the position of the feet ; 
and what is the position of the feet which gives to 
that base the greatest extent. ' But this becomes a 
problem ofpure geometry, which might be thus ex- 
pressed : Two lines A D and B C (fig. 3 1 pi. 6.) ç/" 
equal lengthy and moveable around the points A and jff, 
as centres^ being given ; to détermine their position when 
the trape'zium or quadrilateral A B C D is the greatest 
possible. This problem may be solved with the 
greatest facility, by methods well known to geome- 
tricians ; and from the solution the following con- 
struction is deduced. 

. On the line A d (fig. 32 pi. 6), equal to A D, 
or B C, construct the isosceles triangle A H ^, 
rightangled at H ; and make A K equal to A H. 
Having then assumed A I equal to one half of A C, 
or one fourth of A 13, draw the line K I, and make 
I E equal to I K : on G E if an indefinite perpen- 
dicular, intersecting in D, the circle described from 
the point A as a centre, with the radius A D, be 
•'then raised, the point D, or the angle D A E,.wiU 
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determine the position of A D, and consequently of 
B C. If the liiie A B, and consequently A G or 
A I, be nothing» or vanish, A E viU be found 
equal to A H ; and the angle DAE will be half 
a right one;. 'Ilius, when the heels absolutely touch 
each other, the angle which the longitudinal lines 
of the soles of the feet ought to form, is half a 
right one, or nearly so, on account of the small 
distance which is then between the two points of 
rotation, in the middle of the heels. 

If the distance A B is equal to A D, the angle 
DAE o^ght to be 60 degrees ; if A B is equal to 
twice A D, the angle DAE ought to be Nearly 
70 degrees ; and in the last place, if A B be equal 
to three times the linç A D, it will be found that 
DAE ought to be nearly 74^ 30'. 

It is thence seen, that in propordon as the feet 
are at a greater distance from each other, their 
direction, in order to stand or walk with more sta* 
bility, ought to approach nearer to parallelism. 
But, in general, mechanical principles accord with 
what is taught by custom and gracefulness, as it is 
called i that is to say, to turn the toes outwards. 

« 

PROBLEM XXXV. 

Of the game of Billiards. 

It is needless to explain here the nature of bil.- 
liards. It is well known that this game is played 
on a table covered with green cloth, properly 
stretched, and surrounded by a stuffed border, the 
elasticity of which forces back die • ivory balls that 
impinge against it. The winning strokes at this 
game» ve those which» by driving yoi^r ball against 
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Ibat of your adversary^ force the latter into one of 
the holes ât the comerl^ and in the niiddle of the 
two It>ngfcr aides, which are. called pockets. 
: The whole art of thi^ game then consists in being 
Ale to ]uidw in ^hat manner you must strike your 
wiféTSàrf's ball ^vith your owii, so as to make it 
fidl ilitô one of the pockets^ without driving your 
Own into it also. . This problem» and some others 
belongipg to the game of billiards, may be solved 
by the following, principles. « 

J St. The'in^leof the incidence of the ball against 
one of thù edges of the table, is equal to the angle 
ofrefleqtibn. 

^d. Wbeu a ball impinges against another, if a 
Stfiight JUl^e 'be drawn between their centres, which 
will consequently pass through the point of con- 
tact, tbfit Une Irill be the diréctioa of the line de- 
scribed^ after the stroke. 

These tMûgs being premised, we «hall now give 
a few ^ the problems which arise out of this game. 

I. Th^ position of the pocket and that if the two balls 
M and N being given (fig. 73 pi. 7) ; to strike 
your adversary's ball M in such a manner^ that it 
shall fall into the pocket. 

Through the centre of the given pocket and that 
of the 6all, draw, or conceive to be drawn, a straight 
line ; the point where it intersects the surface of the 
ball, oh the side opposite to or farthest from the 
pocket, will be that where it ought to be touched, 
lïi order to make it move in the required direction. 
If we then subpooe the above line continued frotn, 
one of the radii of the baU, the point O^ where it 
terminates, will be that through which the «mpiiig- 



ing ball ought to pass. It may be readily con- 
ceived, that it is in this that the whole dexterity of 
the game consists : nothing being necessary, but to 
strike the ball in the proper manner. It is e?sy tp 
see what ought to be done» but it is not so e^sy to 
perform it. 

In the last place, it is evident from what has been 
said, that provided the angle NOB exceeds a right 
angle ever so little» it h possible to drive the b^U 
M mto the pocket. 

IL To strike th^ (fall by re/lection* 

The ball M (fig- 34 ' pi* 7») being conceakdl, 
Qx almost concealed, behind the iron, in re^rd to 
t)ie ball N, so thftt it wguld be ii]Fipos^ible to ^ouc)i 
it directly, without rwiiing the risk of ,i^râunç t^ 
. iron and failing Ib the attempt j it is necessary, jh 
that case, to try to touch it by reflection, Fqr this 

t>urposQ, conceive the line M O, drawn perpehdicu- 
ar firom M to the edge P C, to be çontmued to ni; 
30 that O m shall be equal to M. H^you ^im sit 
the point m^ the ball N, after tpucbidg the edge 
P C, will strike the ball M. 

If it weie required to strike the bdll M (fig. 35 
pi. 7) by two reflecdoris, the geometrical solution, 
m this case, is as follows. Conceive the line M Ô, 
drawn perpendicular from the point M^ to the edge 
B C, to be continued till O m become equal to 
Ô M. Conceive also the line m P, drawn perpen- 
dicular from the point w to the edge condnuea, fo 
be continued to y, until Py be equal to ? /^j if the 
ball N be directed to the point y, after Impinging 
against the edges D C and C B, it will strike the 
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To those, in the least acquainted with geometry j, 
the demonstration of this problem will be easy. 

in. If a ball strikes against another in any direction 
whatever t what is the direction of the, impinging 
ball after the shock ? 

It is of importance, at the game of billiards, to be 
able to know what will be the direction of your owp 
|>all after it smkes that of your adversary obliquely ; 
for every pne knows that it i^ not sufficient to have 
touched the latter, or to have driven it into the 

Scketj you must also prevent ypur own fron^ 
ling into it. 

, Let M ^d N (fig, 36 pi. 7.) be the two balls, the 
latter of which is to strike the former, touching it in 
the point Q. Through this point O, let there be drawn 
the taijgent O P i and through the centre n, of the 
ball N, when it arrives at the point of contact, draw 
or conceive to be drawn np, parallel to O P: the 
erection of the infpinging ball, after the shock, 
will he np. A bad player would here be infalliblv 
lost i and indeed this is often the case in this posi- 
tion of the bsjls. Expert players, when they find 

' that they have ,to do with novices, often give them 
this deceitful chance, which ^lakes them lose, by 
driving their ball into one of the corner pockets. In 
this case you must not take the ball of your adver- 
sary hy halfs, according to the technical term of 
the game, to drive it to one of the corners at the 
pAer e^pd of the table ; for in doing so, you wi{| 
not fail to lose yourself in the other comer. 
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In reasoning on this game, we set out from com- 
mon principles ; but me must confess that we have 
some doubts on this subject, the reason of which we 
shall here explsun. 

If the balls had only one progressive movement 
forwards, without rotation around their centres, the 
above principles would be evidently and sufficiently 
demonstrated. But every one knows that, indepen» 
dently of this progressive morion of the centre, a 
billiard ball rolls on the table in a plane which is 
perpendicular to it. When a ball then touches the 
edge, and is repelled with a force nearly equal to 
that with which it impinged, it would appear that 
this motion ought to be compounded of the rotary 
motion it had at the moment of the shock, and thzt 
which it has in a direction parallel to the edge. But 
since the first of these motions compounded with the 
latter, gives the angle of reflection equal to the angle 
of incidence, what then becomes of the second, which 
ought to alter the first result ? In our opinion this is 
a dynamical problem, which has never yet been 
solved, though it deserves to be so. 

JHowever, this rotary motion, in certain circum- 
stances, gives a result which seems contrary to the 
laws of the impinging of elastic bodies ; for accord- 
ing to this law, when an elastic body impinges di- 
rectly and centrally against another which is equal 
to it, the first ought to stop, in consequence of 
having communicated, as is supposed, all i:s velocity 
to the second. But at the game of billiards, thir 
does not take place ; for here the impinging ball 
continues to move, instead ef stopping short. This 
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effect is partly a consequence of the motion of the 
iminnging ball aroujid its centre ; a motion which 
subsists in a great measure ^er the shock, and it is 
jdus motion paurtly whioh makes the baU stQl iqove 
fefvs»^. Another qause of the |tnlNu»| bi^l'* 
snotfing forward, is die want of perfiict das&dty in 
them both, on which account that hall soU retains 
tsome portion of its direct forward motion, tbo other 
fefil^ which is struck» rocmviag ibe rest of tbe 
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TV cmarm$ m Water CM, - 

; . Tfiis name is gi?en to 11 clock shaped like a drum 
aar band, as A BCD, Iffig. 37 pU S^fi^adc ^ metal 
well soldered, a«d put in motion by a certain quan- 
^ÛKf M water contaiued m the iniside of it. 'JThe 
hetfrs are indicated on two vertical pillars, between 
Which it is suspended by small strings or cords, 
voUed round an axis, every where of the same thick* 
Hess* . The internal mechanism is exceedingly in* 
genious, and deserves a better explanation than 
what has been given of it in the preceding editions 
of the Mathematical Recreations, where Ozanam 
does not tell us how the machine goes and is sup* 
ported, as wc may say, in the air> without falling, as 
It seems it ought to do. 

Let the ciicle i 2 3 4 (fig. 38) represent a section 
of the drum or cylinder, oy a plane perpendicular 
tQ its axis. We shall here suppose the diameter of 
k to be six inches ; and let A, B, C, D, E, F, G re- 
present seven cells, the partitions of which are 
. jormed of the same mctRl» and are well soldered to 
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the two circular efads, and to the drcular hsnd 
which forms the drCuntference. These pardtioiu 
ought not to proceed from the centre to the cir- 
cumference, but to be placed in a somewhat trans* 
verse direcôon, so as to be tangents to an interior 
circle, of about an inch and abalf in diameter : the 
small square H is a section of the axis, which in 
that part ought to be square^ and to fit rery exactly 
into holes, of the same form, made in the centre of 
each end of the cylinder. Elach partition also ought 
to have m it a small round hole, as near as possible 
to the circumference of the cylinder, all pierced with 
the same piercer, that there may be no difference 
among them. 

liet us now suppose it^hat a certain quantity of 
water, abom eight or nine ounces, has beeifput into 
tilie cylinder, and that it has already distributed 
itself as shewn by the hori2X>ntal shading lines fi] 
3^ ' If the Kne I K represent the two strings, G ] . 
and EF, (fig. 37), rolled round the axis of the cy* 
Under, it may be easily seen that thé centre of gra- 
vity, which, if the machine were empty, would be 
m the centre of the figure, bdng thrown out of the 
fine of suspension, and towards the side where thé 
machine has a tendency to fisiU, it would indeed fatU-; 
but the effect of the water behind the partition D, is 
to throw back the centre of gravity, so that if it 
were on this side the vertical line K I continued, the 
cylinder would revolve from D to E, in order to be 
ia riiat vertical ; and in this position the machine 
would remain in equilibrio, if the water could not 
proceed from the one cavity to the other ; for the 
-cylinder cannot revolve in the direction AGF, 
without making the centre of gravity ascend towards 
D : ia die like 4nanner it cannot revolve in the di- 
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section BCD» without the centre rising on the op« 
jyxute side. The machine muft then remain in 
equilibrio» until something is chanjged. 

But, if the water flows gradually through the hole 
in the partition D, which is between the cells D and E» 
it is evident that the centre of gravity will advance a 
Kttle beyond K I continued, and the machine •■ will 
imperceptibly revolve in the direction A G F ; and 
since by descending in this manner, the centre of' 
gravity is thrown towards the vertical line KI pro» 
duced, the equilibrium will at the same time be re- 
stored, and this motion will continue until the whole 
of the cord be unrolled from the axis. This move* 
ment indeed will not be altogether tmiform ; for it 
is evident that when the water is almost entirely 
bdiind the partidon D, the cylinder will revolve 
hster than when it has nearly flowed off; and the 
periods of these inequalities during a whole revolu- 
tion of the cylinder will be equjd in number to the 
cells \ a circumstance which seems not to have 
been observed by those who have written on clocks 
of this kind. 

To have an exact division of time by these means, 
it will therefore be necessary to make a mark on 
the circumference of the cylinder. If the machine 
be then wound up as high as possible, and disposed 
in such a manner that the mark shall be at the top 
of the cylinder, you will have a good clock, with 
which you must mark, during a whole revolution, 
the points of the hours elapsed/ But care must be 
taken that the number of hours shall be an integer 
number, as 2, 4, 6, &c ; and for that purpose the 
movement of the machine must be retarded or ac- 
celerated till the proper precision has been obtained ; 
Otherwise it might err some minutes, and perhaps a 
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quarter of an hour. How this moveitient may be 
accelerated or retarded, we shall shew hereafter. 

In the last place, in winding up the clock, care 
must be taken that when the axis is placed oppo^- 
sice to the first division, the mark made in the cy- 
linder shall be in the same position; otherwise 
there may be an error, as already said, of some 
minutes. We shall now add some useful observa- 
tions in regard to this object. 

I. It is absolutely necessary that the water em- 
ployed be distilled water ; otherwise it will soon be- 
come corrupted, so as to stop up the holes through 
which it ought to âow ; and the machine will con- 
sequently stand still. 

II. 1 he substance most proper for constructing 
the' cylinder of these machines, is gold or silver ; 
or, what is cheaper, copper well tinned on the in- 
side, or even tin itself. 

in. This machine is apt to go a little faster in 
sununer than in winter, and therefore ought to be 
regulated from time to time^ and retarded or acce- 
lerated. For this purpose, it will be necessary to 
add to it a small weight as a counterpoise, tending to 
make it revolve outward. This weight ought to 
have the form of a bucket (fig. 39 pi* 8) ; and to 
be of some light substance, so that it can be charged 
more or less by means of small drops of lead. To 
accelerate the machine, two or three drops of lead 
may be added ; and when it is necessary to retard 
it, they may be removed ; which will be much more 
convenienrthan adding or taking away water. 

IV. The place where the axis passes through the 
cylinder must be Ivell cemented; otherwise the 
water would gradually evaporate, by which jAesuos 
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tbe «icUae wtmld be contmuaUj retarded^ and M 
' lengtli would t^op^ 

V. Notwhhstandiiig all these precauricmsy it nkj 
be readily seen, diat a machine of this kind is 
nlher. an object of cnriositf, thtm calculated to 
peasare time. wA accutacf. Ic may be proper 
fcr the,cèU of :a comrenty or a cahiiiet of mo^^ 
flical cuxioskiess but it will certainly ttever be used 
by the astronomer. 

- ' VI. The invemor of this idtd of dock is not 
faaMm. Oeanam, trbo wiote in t6^^ says that 
Aftfiretêeen at Piins 'about that period faad.been 
buo oght from Burguady ; and he adds that &cher 
Timothy» a Bamabite, who eaxeHed in mechanicSf 
Inul.giiwn to Ak macbine all the pei:fecti6n of uUch 
it^imstuscmtble. Thb monk bad constmcfied one 
^^(bout five net in height, 'wfakh tequired uriadiaff 
up cmly once a month. Besides the Ikhu», 'wUcb 
«ere UMirtriii A on a regular dial plate, at ehe te(i of 
^le frame, it mcficated the day of the month, the 
ftsdvals throughout the year, tibe sun's place, and 
bis rising and setting, as well as tbe length of the 
^y aad night. This was performed by means of a 
iHiall figure xjf the sun, which gradually descended, 
and wtach, when it reached the bottom of the 
fiame> was raised to die top at the end of every 
aK>nth. 
* fs^er MartinelH hai^ treated, at «great length-, on 
abese^toofes, in an Italian work, •entitled fiR^r^Ags 
i U m m marij in which he delirors methods of making 
clocks kff meQiis of the four elements, water, earth, 
sm-, and fire. Vhiz work was printed at Venice, in 
i663, and h vety ntfe. llie' author shews in it 
trnwatriking nachJaerymay :be adapted «o a water 
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«lock ; mûk otiier curiosities, which are sometimes 
mdded fo common clocks. 

I^IBIOBLFM XXXVIL 
HÊCHAKICAL PAU ADO X^ 

Haw tqml -weights, placed ^ any distaTwefrtm ttx 
pâhit cfsuppoN ef a balance^ shall he in eqmiibrié. 

PitovrliE à frame ifi the form of a parallelogram, 
«HCfe as D E F tj (ftg. 40 pi. 8), constructed of faor 
pieces of wood^ joined together in such a maimer 
a^ to move freely at the angles, so that the frame 
can change its rectangular form into that rqsre- 
senttedby the klters efgd. The long ades ought 
to be about twice the length of the others. This 
frame is inserted in a cleft formed in the perpen- 
dicular stand v^B C, so as to be moveable on the two 
points I and H, where it is fixed in the stand by two 
small axes : in the last place, two pieces of wood, 
M N and K L, pass through the shorter sides, in 
which they are \yell fixed, and the whole apparatus 
rests on the stand A B. 

Now if the weight P, be suspended from the 
{>oiftt M, which is almost at the extremity of the 
arm M N, the most distant from the ccmre or centres 
of tnodon ; and if the weight Q^, equal to the former, 
be suspended from any point R, of the other arm 
IL L, nearer the centre, and even whhm the frame, 
these two weighcs will always he in equilibrio; though 
unequally distant from the point of svqjport or of 
motion in this kijid of balance ; and they wiU re- 
gain so, whatever situation may be given to the 
machine^ as ^fdg. 
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The reason of this leSect, which at first seems t» 
coDOradict the principles of statics» is however yerj 
simple. For, two equal bodks will be ki equilifario» 
whatever movement may be made by the machine 
fix>m which they are sospcnded» if d&e spaces passed 
«iver by th#e two bodies or weights are eqind and 
similar. But ic may be readily seen that this must 
necessarily be the case here, since the two weights, 
whatever be thdr position, are obliged to describe 
equal and parallel hne& 

. It may be readily seal alio, ^^Ml^ in soch i^ ma» 
Hiine, whatever be the podtion of tm weights along 
dhe arms M N and K L, the case will.always be the 
.same, as if they were suspended from the middle dP 
the short sides £ D and F G. But in the htier case, 
the weights would be m equilibrio,. therdEbre in 
fiirmer abo^ 
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What velocity must he given to a macbine, moved fy 
water y in order that it may produce the greatest 
effects 

That this is not a matter of indiflference, will 
readily appear from the following observation. If 
the wheel moved with the same velocity as the 
fluid» it would experience no pressure ; consequently 
the weight it would be capable of raising would be 
nothing, or infinitely small. On the other hand, 
if it were immov.eable, it would experience tho 
whole pressure of the current ; but in this case 
there would be an equilibrium, and as no weight 
would be raised, there would consequently be no 
effect. There is therefore a certain mean velocity. 
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between that of the current and no velocity at all, 
which will produce the greatest effect — an effect 
prq>ortional, in a given time^ to the product of the 
weight multiplied by the height to which it is 
raised. 

We shall not here give the analytical reasoning 
which conducts to the solution of the problem : 
We shall only observe, that in a machine of the 
above nature, the velocity of the wheel ought to 
be equal to a third part of that of the. current. Con- 
sequently the resistance or the weight must be in- 
creased, until the velocity be in this ratio. The 
machine will (hen produce the greatest effect pos- 
sible. 

REMARK. 

The 'above proportional part, viz, one third, is- 
an old error which has been properly corrected by 
a late audior, .who has shewn, both theoretically 
and practically, that the water wheel works with 
the greatest effect, when its velocity is equal to half 
the velocity of the stream which turns k. See the 
Transactions of the American Philosophical Society, 
vol. 3. p. 144 ; or Dr. Mutton's Dictionary, vol. 2, 
under the word Mill. 
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What IS the greatest number of float -boards^ that ought 
to be applied to awheel rwrved by a current of water ^ 
in order to make it produce the greatest effect ? 

It was long believed that the float-boards of such 
a wheel ought to be so proportioned, that when 
*• :,V0L.-U* - o 
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one of them was in a vertical position, or at . the 
middle of its immersion, the next one shouM be 
just entering the water. A great many reasons 
were assigned for this mode of construction^ which 
however are contradicted by calculation, as well as 
by experience. 

It is now demonstrated, that the more âoat-boards 
such a wheel has, the greater and more uniform 
will be its effect. This result is proved by the re- 
. searches of the abbe de Valemod, of the academy 
of Lyons, and those of M. du Petit- Vandin, to be 
f«und in the first volume of the Mémoires des Sça^ 
vans Etrangers . 

The abbe Bossut, who examined, by the help of 
experiments, the greater part of the hydraulic theo- 
ries, has demonstrated also the same thing. Ac- 
cording to the experiments which he made, a wheel 
furnished with 48 float-boards, ' produced a much 
greater effect, than one furnished with 24 ; and the 
latter a greater effect than one with 1 2 ; their im- 
mersion in the water being equal. M. du Petit- 
Vandin therefore observes, that in Flanders, where 
running water is so exceedingly scarce, as to render 
it necessary to turn it to the greatest possible ad- 
vantage, the wheels of water-mills are furnished 
with 32 float-boards, at least, and even with 4vS, 
when the wheel is from 16 to 19 feet in dia- 
meter. 

PROBJL£M XL. 

§ 

If there be two cylinders^ containing exactly tlje same 
quantity of matter y the one solid and tbe,^ther boU 
Uwj and both, of tbe same length ; wbief) ; ^. tkem 
îiill sustain, without breaking, thigreajlfft.^4v^gbi 
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suspended from one of its extremities, the other being 
fixed? 

Some, and perhaps several of dàr readers, may 
be inclined to mink that, the base of rupture being 
die ^ame, every thing else ought to be equal. On' 
the first view, one might even be induced to con- 
sider die solid cylinder as capable of presenting 
greater resistance to being broken: this however 
would be a mistake. 

Galileo, who first examined mathematically the 
resistance of solids to being broke by a weight, hal^ 
^ewn that the hollow cylinder will present the 
most resistance; and that this resistance will be 
grea^ in the transverse direction, according as the 
noUow part is greater. He even shews, n'ôm a 
Acory which approaches very near the truth, that 
die resistance of the hollow cylinder will be to 
diat of the solid one, as the wnole radius of the 
hollow is to that of the solid. Thus the resistan/ce 
of a hollow cylinder, having as much vacuity as 
solid, will be to the resistance of a solid one, as 
\/2 to I, or as I •141 to i*ooo ; for the radius of 
the former will be \/2, while that of the latter is 
lixiity. The resistance of a hollow cylinder, having 
twice as much vacuity as solid, will be to a solid 
qne, as y/^ to i^ or as 173 to i*ooj for their 
nuffi will be in the ratio of v/3 to i. The resist- 
ance of a hollow cylinder, the solidity of which 
forms only a twentieth part of the whoje volume, 
will be to that of a soUd cylinder of the same mass, 
aik v/21 to I, or at 431 to. r*oo ; and so forth. 
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It may be readily observed, and Galileo does 
not fail to take notice of it^ that this mechanism i$ 
that which nature, or its Supreme Author, has em« 
ployed on various occasions to combine strength 
with lightness. Thus the bones of the greater part 
of animals are hollow : by being sglid, with the 
same quantity of matter, they would have lost much 
of their strength } or to give them the same power 
of re^stance, it would have been necessary to render 
them more massy ; which would have lessened the 
facility of motion. 

The stems of many plants are hpUow also, for the 
very same reason» In the last place, the feathers of 
birds, in the formation of which it was necessary 
that great strength should be imited with great light- 
ness, are also hollow : and the cavity even occupies 
the greater part of their whole diameter ^ so that 
the sides are exceedingly thin. 

PROBJL£M XLU 

To construct a lantern^ which shall give light at the 

bottom of the water • 

This lantern must be made of leather, which will 
resist the waves better than any other substance ; and 
must be fîirnished with two tubes, having a com- 
munication with the air above. One of these tubes 
is destined to admit fresh air for maintaining the 
combustion of the candle or taper ; and the other 
to serve as a chimney, by affording a passage to the 
smoke ; both must rise to a sufficient height above 
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the surface of the water, so as not to be covered by 
the waves when the sea is tempestuous. It may be 
teadily conceived, that the tube which serves to 
admit fresh air, ought to communicate with the ^ 
lantern at the bottom ; and that the one which serves 
as a chinmey, must be connected with it at the 
top. Any number of holes at pleasure, jnto which 
glasses are fitted, may be made in the leather of which 
tne lantern is constructed; and by these means 
the 'light will be diffused on all sides. In the l^t 
place, the lantern must be suspended ÎFrom a piece 
of cork, that it may rise and fall with the waves. 

A lantern of this kind, says Ozanam, might be 
employed for catching fish by means of light ; but 
this method of fishing has, in some countries, been 
wisely forbidden under severe penalties. 

PROBLEM XLII. 

T<7 construct a lamp^ which shall preserve its oil in 
every situation^ however moved or inclined. 

To construct a lamp of this kind, thfs body of it, 
or the vase that contains the oil and tlie wick, must 
have the form of a spherical segment, with two 
pivots at the edge, diametrically opposite to each 
other, and made to turn in two holes at the ex- 
tremities of the diameter of a brass or iron circle. 
This. circle must, in like manner, be furnished with 
two pivots exactly opposite to each other, and at 
the distance of 90** from the holes in which the 
former are inserted. These second pivots must be 
made to turn in two holes diametrically opposite in 
a second circle ; and this second circle must like- 
wise be furnished with two pivots, inserted in some 



BO AKEMOSCOPB ANJD 

concave l^ody, proper to serre as a covering to the 
^hole lamp. 

It may be readily seen that, by this method of 
suspension, whatever motion be given to the lamp, 
unless too abruptly, it will always maintain itself m 
a horizontal position. 

This method of suspension is that employed for 
the mariners compass, so useful to navigators ; and 
which must- always be preserved in a horizontal 
situation. We have read in some author, that 
Chiles V, caused a carriage to be suspended in this 
Iniumier, to guard against the danger of being over- 
turned. 

P110BX.EM XLIII. 

Method of constructing an anemoscope and an ane^ 

mometer* 

These two machines, which in general are con* 
founded, are not however the same. The ane- 
moscope serves for pointing out the direction of the 
wind, and therefore, properly speaking, is a wea- 
ther-cock ; but in common this term is used to de- 
note a more complex machine, which indicates 
the direction of the wind by nieans of a kind of 
dial plate, placed either on the outside of a house, 
or in an apartment. In regard to the anemometer, 
it is a machine which serves to indicate, not only 
the direction, but the duration and force of the wind. 

The mechanism of the anemoscope is very sim- 
ple. (Fig. 41 pL 9.) It consists, in the first place, 
of a weather-cock, raised above the building, and 
supported by an axis, one end of which, passing 
through the roof, is made to turn in a socket fitted 
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to recâve it, and with such fadllty as to obey the 
least impulse of the wind. On this axis is fixed a 
crown wheel, the teeth of wluch being turned down- 
wards, fit ix^o those of a rertical wheel, exactly of 
the same size, placed on a horizontal axis, which 
at its intensity is furnished with an index. It is 
hence evident, that when the vane makes one turn, 
the index will make one exactly also. If this index 
then be placed in such a manner as to be vertical, 
when the wind is north,; and if care be taken to 
observe in what direcdon it turns when it changes 
to the west, it will, be easy to divide the diaUplate 
into 32 points. 

. An anemometer, if it be required only to mea« 
sure the intensity or force of the wind, may be 
constructed with equal eaae. We would projpose 
the following. Let A B (fig* 42 pL 9) be an iron 
bar, fixed in a horizontal direcdon to the vertical 
axis of a vane. The extremities of this bar, which 
are bent at right angles, serve to support a hori- 
zontal axis, around which turns a moveable frame 
A B C D, of a foot square. To the middle of the 
lower side of the frame is fastened a very fine 
but strong silk thread, which passes over a pulley 
F, fitted into' a cleft in the vertical axis of the vane, 
whence it descends along the axis to an apartment 
below the roof. The distance G F must be equal 
to G £. To the end of the silk thread is suspended 
a small weight, just sufEcient to keep it stretched. 
When the frame which, by the tumihg of the 
yane, will be always presented to the wind, is 
raised up, as. will be the case> more or less, ac* 
cording to the force of the wind, the small weight 
will be raised up also, and will thus indicate, by 
means of a scale adapted to the axis of the vane^ 
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the strength of the wind. It may readily be per* 
ceived th^t the force of the wind will be equal 
to zero, or nothing, when the small weight is at 
its lowest point ; and that its maximum, or 
^eatest degree, will be when it is at its highest, 
which will indicate that the wind keeps the frame 
in a horizontal position, or very nearly so. 

The force of the wind, according to the differ- 
ent inclination of the frame, may be determined 
with still greater precision: for this force will 
always be equal to the absolute weight of the frame, 
which is known, multiplied by the sine of the 
angle which it makes with the vertical line, and 
divided by the square of the same angle. N othing 
then will be necessary, but to ascertain, by the 
motion of the small weight affixed to the thread 
EFP, the inclination of the frame,. But this is 
easy J for it may be readily seen that the quantity 
which it rises above the lowest point, will always be 
equal to the chord of the angle formed by the 
frame with the vertical plane, or to double the sine 
of the half of that angle. The extent therefore 
of this angle may be marked along the scale, and 
also the force of the wind, calculated according to 
the foregoing rule. 

In the Meipoirs of the Academy of Sciences, for 
the year 1 734, may be found the description of an 
anemometer, invented by M. d*Ons-en-Bray, to in- 
dicate at the same time the direction of the wind, 
its duration in that direction, and its strength. This 
anemometer merits that we should here give some 
idea of it. 

It consists of three parts, yizj a common clock, 
^d two other ^lachines, one of which serves to 
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mark the direction of the wind and its duradoii ) 
the other to indicate its force. 

The first of these machines consists, like the 

, common anemoscope, of a vertical axis bearing a 
• vane, which by means of some wheels indicates, on 
a dial-plate, from what quarter the wind blows; 
the lower part of this axis passes through a cylinder, 
in which are implanted thirty-two pins, in a spii*al 
line; and these pins, by the manner in which they 
present themselves, press against a piece of paper^ 
properly prepared and stretched, between two ver- 
tical columns or axes, on one of which it is rolled 
up, while it is unrolled from the other. This rolling 
up and unrolling are performed by the simultané- 
ous motion of two axes, which are made to move 
by the dock above mentioned. It may now be 
readily conceived that, according to the position of 
the vane, one of the pins will present itself to the. 
prepared paper, and by pressing gently against it 
will leave a mark, the length of which will indicate 
the duration of the wind. If two neighbouring pins 

' make a mark, at the same time, this will indicate 
that the wind followed a middle direction. 

The part of the anemometer which indicates the 
force of the wind, consists of a mill, after the Polish 
manner, which revolves faster, according as the 
wind is stronger. Its vertical axis is furnished with 
a wheel that drives a small machine, which, after a 
certain number of turns, forces a pin against a 
frame of paper, having a motion similar to that of 
the anemometer above described. The number of 
these strokes, each of which is marked by a hole,, 
on a determinate length of this moveable paper, de« 
notes the force of the wind, or rather the velocity 
of the circuladon of the mill, which is nearly in the 
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09me proportion. But, for a complete explanation 
of the mechanism, we must refer to the Memoirs of 
the A<îademy of Sciences, above quoted ; as want 
of room will not allow us to give a more minute 
description of it in this place. 

REMARK. 

Many other . forms of anemometers have been 

invented, in various countries. Of several of these 

the descriptions may bo seen, with their figures and 

.the calculation of their effects, in Dr. Hutton's 

Dictionary, under the several articles an£momk* 

T£R, RESISTANCE, WIND, and WINO-OAGE. 

PROBLEM XLIV* 

Censlructim of a Steel-yard ^ by^ means ef uhich 
the weigbt of a body may be ascertained^ without 
weights* 

We shall here describe two instruments of this 
kind ; the one portable and adapted for ascertain- 
ing moderate weights, such as from i to 25 or 30 
pounds ; the other fixed, and employed for weights 
much more considerable, and even of several thou- 
sand pounds. One of the latter kind was used in 
the custom house at Paris ; and could be employed, 
with great convenience, for weights between loo 
and 3000 pounds. 

The first of these steel yards is represented fig. 
43 pi. 9. It consists of a metal tube A B, about six 
inches in length, and eight lines in diameter, a sec- 
tion of which is here given, to shew in the inside of 
it a spiral steel spring. Uhe upper end A, is pierced 
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with a square hole, to afford a passage to a metal 
rod, which is also square ; and which passes through 
the spring, so that it is impossible to draw it up- 
wards, without compressing the spring against the 
upper end within the tube. To the lower part of 
the tube is afExed a hook, from which the body to 
be weighed is suspended. 

It is here evident, that if bodies of different weights 
be applied to the hook, while the steel-yard is sus^^ 
pend&d by its ring, they will draw down the tube 
more or less, by forcing the upper end of it against 
the spring.! The rod therefore must be divided, by 
suspending successively from the hook different 
weights, such as one pound, two pounds, &c, to 
the greatest which it can weigh ; and if the part 
of ÛÏ& rod drawn out of the tube each time be 
marked by a line, accompanied, with a figure 
denoting tne weighty the instrument will be com» 
plete. When you intend to use it, nothing is ne» 
cessary but to put your finger into the ring, to 
raise up the article you intend to weigh, suspend- 
ed from the hook, and to observe, on the divided 
ÙLce of .the rod, the division exactly opposite to the 
edge of the hole : the figure belonging to this divi- 
sion will indicate the number of pounds which the 
proposed body weighs. 

The second steel-yard consists of two bars, placed 
back to back, or of a single one A B C D E 
bent in the form seen fig. 44 pi. 9. The part A B 
is suspended by a ring ^om a strong beam, and the 
part D E terminates in a hook at E, from which the 
articles to be wdghed are suspended. To the part 
£ D is fixed a rack, fitted into a pinion, connected 
with a wheel, the teeth' of which are fitted into 
another pinion, having on its axis an index ; and 
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this index makes just one revolution, when the 
mreight of 3000 pounds is suspended from the 
hook £• For it may be readily seen, that when 
any weight is suspended from E^ the spring D C B 
must be more or less stretched ; this will give mo^ 
tion to the rack D F, and the latter will turn the 
pinion into which it is fitted ; and consequently will 
give motion to the wheel and second pinion, having 
on its axis the index. It is also evident, that in 
constructing the machine, such a force may be 
given to the spring, or its wheels may- be com- 
bined in such a manner, Ithat a determinate weight, 
ais 3000 pounds, shall cause the index to perform 
a complete revolution. The centre of motion of 
this index is in the centre of a circular plate, marked 
with the divisions, that serve to indicate the weight* 
These divisions must be formed by suspending, in 
' succession, weights less than the greatest, in the 
arithmetical progression, as 29 hiihdred weight, 28, 
27, &c. This will give the principal divisions, 
which without any considerable error may be then 
subdivided into equal parts. 

When the instrument is thus constructed ; then 
to find the weight of any article that weighs less 
than 3000 pounds, nothing is necessary but to sus- 
pend it to the hook E ; and the index will point 
out, on the circular plate, its weight in quintals, or 
hundreds, quarters, and pounds, 

REMARK. 

It may be proper here to observe, that this 
method of weighing cannot be perfectly exact, 
unless we suppose that the temperature of the 
air always remains the same ; for during cold 
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weather springs are stiffer, and during hot weather 
are less so. On this account, we have no doubt 
that there is a difference between the same article 
weighed at the custom bouse at Paris in winter and 
in summer. In winter it must appear to weigh less 
than ft does in summer. 



PROBLEM XLV. 

To comtruct a carriage^ which a gouty person may em* 
ploy for moving from one place to another, withoui 
the assistance of men or horses. 

A CARRIAGE of this kind is represented Plate x 
fig. 45. The reader may observe» ist. Two large 
wheels, which ought to be about 44 inches in dia» 
meter ; the circumference of these wheels consists 
of one piece ; it is covered with one piece of iron, 
:ind ought to be pretty broad, that they may sink 
less into the ground. 

ad. At the distance of about two thirds of each 
spoke, from the nave of the wheel, is applied a 
roller^ an inch in thickness, and turning on an 
spds, one end of which is fixed in the spoke, and 
the other in a flat circular piece of iron, which by 
means of nuts and screws serves to keep all the 
rollers in their places. 

3d» On each shaft, beyond the place where it is 
crossed by the axis of the two wheels, is fixed a 
piece of iron, shaped like a fork, which serves to 
support the axis of a crank, having at its extremity 
a wheel with four teeth, cut into the form of an 
epicycloid. These teeth are fitted into the rollers 
above mendonedi and serve to turn the wheel. The 
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àiM of thè crank ought to be only eight or nine 
inches in length. 

4th. A plan of the same things is represented 
fig. 46. It exhibits the form of the shafts or frame^ 
consisting of two parallel pieces of wood, a little 
concave on the upper side, kept together behind by 
a lurned bar of wood, and before by a piece of 
iron. These two cross pieces serve to support the two 
springs, on which are placed a small easy chair, fur- 
i^hod with cushions, and a step for the feet. If 
lequired, it may be fitted with an umbrella. It 
ought to stand a little backwards, that the weight 
of ^ the person may not throw the carriage for- 
ward. To the lower part of the foot step is fixed 
a ' piece of bent iron, which in case the machine 
should incline forward, may serve to keep it back 
Iby resting against the floor. To maintain it firm 
behind, a small wheel is connected with the middle 
of the cross bar of the frame, by a mechanism 
similar to that of bed-rollers ; the vertical axis of 
which, for the greater strength, passes through a 
bar of iron fixed to the axis of the large wheels. In 
the last place, the extremities of the frame or body 
are furnished with two handles, by means of which 
the machine can be pushed forward by a servant in 
difficult places ; and before there arc two hooks, to 
which traces can be made fast, in order that a horse 
may be attached to the carriage if necessary. A more 
minute description of this machine may be found 
in Mémoires présentés à r A endémie Royale des Scieneesy 
par divers Sçavants, vol. IV. 

We are informed by M. Brodier, the inventor of 
this machine, that having caused one to be con- 
structed, it weighed no more, including the weight 
q{ his body, than 378 pounds j and calculating its 
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tSectj according to the principles of mechanics, he 
found that on ascending an inclined plane of 8 de- 
grees, it Was capable of proceeding at the rate of 
400 yards in 23 minutes, which is agreeable to ex- 
perience. By ascending in this manner, the person 
could not fail to be fatigued ; but on firm ground^ 
and on à horizontal pavement, a person might di- 
rect it for a long time ; especially if assisted iu the 
difficult places by a child, fourteen or fifteen years 
of age. 

The former editions of the Mathematical Recrea- 
tions . contain very brief descriptions of some ma- 
chines of the like kind. The first is a small rolling 
chair of the usual form, with four wheels, of which 
those before are moveable on their axes, and roU 
only by the impulse of those behind. The latter 
are strongly fixed to their axis, and this axis ha^ > 
in the middle a pinion fitted into a crown-wheel, 
which the person who sits in the carriage turns by 
means of a handle. We much doubt whether this 
machine was ever attended with success, or rather 
we consider it to be very defective;, since the 
moving power is applied as near as possible to the 
centre of motion. 

The other carriage, as Ozanam says, was moved 
by a boy seated behind, who trod alternately with 
his feet on two moveable treadles. These treadles, 
in rising and falling, moved two pieces of wood, 
fitted into tooched wheels fixed to the ^xis of the 
large wheds. But this mechanism is so badly ex- 
fkljied by Ozanam, both in the descripdon and 
dbe figure, that no cme can understand, it ; for this 
jreason we have thought proper to make a total 
change in this article^ as we have done n many 
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Others, equally 4efective both in the form and the 
matter. 

PROBLEM XL VI* 

Method rf constructing a small fgure^ which when 
left to itself descends along a small stair on its hands 
and its feet. 

This small machine, the mechanism of which is 
very ingenious, was a few years ago brought from 
India. It is called the tumbler, because its motion 
has a great resemblance to that of those performers 
at some of the public places of amusement, who 
throw themselves backwards resting on their hands ; 
then raise their feet, and complete the circle by 
resuming their former position ; but the figure can 
perform this movement only descending, and along 
a sort of steps. The artifice of this small machine 
is as follows : 

A B (Plate xi fig. 47) is a small piece of light 
wood, about two inches in length, a lines in thick- 
ness, aiid 6 in breadth. At its two extremities are 
two holes C and D, which serve to receive two 
small axes, around which the legs and arms of the 
figure are made to play. At each extremity of the 
piece of wood there is also a small receptacle, of the 
form seen in the plate, that is to say, nearly concen« 
trie with the holes C and D ; having an oblique 
prolongation towards the middle of the piece of 
wood, and from the ends of these two prolongai»* 
tions proceed two grooves G g and F/, formed iii 
the thiclmess of the wooàj and nearly a Kne Ia 
diameter. 
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Quicksilver being put into one of these recep^ 
tacles till if is nearly fuU^ they are both closed up 
by means of very light pieces of pasteboard, applied 
on the sideSé To the axis, passing through one of 
the holes C, are affixed two supporters, cut into the 
form of legs, with feet somewhat lengthened, to 
give them more stability. And to the other axis, 
passing through D, are affixed two supporters, 
shaped like arms, widi their hands placed in such 
a manner as to become a base, when the machine is 
turned backwards. In the last place, to the part 
G H is applied a sort of head and visage» made of 
the pith of the elder tree, aiid dressed after the 
maimer of tumblers. A belly is constructed of the 
same substance, and the whole figure is clothed in 
a silk dress, which descends to the middle of the 
thighs. Having thus given a general account of 
the conettruction of this small machine, we shall 
now proceed to explain its mode of action. 

Let us first suppose the machine to be placed 
upright on its legs, as seen fig. 48, or 49 n^. i. 
As all the weight is on one side of the axis of rota^^ 
tion X2^ because the receptacle of the quicksilver on 
that side is filled, the machine must mciine to that 
tide,* and would be thrown entirely backwards, did 
not the arms or supporters, turning around the 
axis D, present themselves in a vertical direction ; 
but as they are shorter than the legs, the machine 
assumes the positicHi represented fig. 49 n^. 2 ; 
and the quicksilver, finding the small groove G ^, 
inclined to the horizon, flows with impetuosity into 
the receptacle jplaced on the side D« 

Lot us now supipose that at this moment the ma- 
chine rests on the^ supports or arms D L, which 
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turn around the axis D : it is evident that) if the 
empty part of the machine is very light, the quick^^* 
silver being entirely beyond thé point of rotation D^ 
will, by its considerable preponderance overcome 
it, and cause the machine to revolve round the axis 
D, which will raise it, and make it turn on the 
other side. But as the supporters C K must ne- 
cessarily be longer than the others D L, that the 
line C D may have the inclination which is neces- 
saiy Id cause the quicksilver to flow by the small 
gfoove F/, from the one receptacle to the other, 
the base must mahe a jump, double in height to the 
difierence of' these supporters ; otherwise the line 
Fy^ instead of assuming a horizontal position, would 
remain inclined in a direction contrary to that 
which it ought to have^ 

The machine having then attained to the situa- 
tion D L, fig* 49 n^. 3, and the quicksilver having 
passed into the receptacle on the side C ; it is 
evident that the same mechanism which will raise 
it up, by making it turn round the point C, will 
overturn it on the other side, wherç the two sup- 
porters, which revolve round the axis C, present it 
a base : this will make it resume the position of 
fig, 49 n°. 2 : and so on. Hence this motion will 
be perpetual, as long as the machine meets with 
steps like the first. 

REMARKS. 

Some particular conditions are required in order 
that the supporters of the small figure that is to 
say its legs and arms, may present themselves in a 
proper manner, to keep it in the position in which it 
ought to be. 
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1st It is necessary that the grear supporters, or 
legs, when they t have arrived at that point at which 
the figure, after having thrown itself topsy turvey*, 
rests upon them, should meet with some obstacle, 
to prevent them or the figure from turning any 
more ; this may be done by two small pegs, which 
meet a prolongation of the thighs. 

2d, SVhile the figure is raising itself on its legs, 
it is necessary that the arms should perform, on 
their axis, a semi-revolution ; that they may pre- 
sent themselves perpendicular to the horizon, and 
in a film manner, when the figure throws itself 
backward. This may be accomplished by furnish- 
ing the arms of the figure with two small pulleys^ 
concentric to the axis of the modon of these arms, 
over which are conveyed two silk threads, that' 
unite under the belly of the figure, and are fixed 
to a small cross bar, joining the thighs towards the 
middle : this will greatly contribute to their sta- 
bility. These threads must be lengthened, or short- 
ened, till this semi-revolution of the arms is exactly 
performed ; and until the figure, when placed on 
its four supporters, with its face turned either up 
^or down, does not waver ; which it would do if 
these supporters were not bound together in this 
manner ; and if the large ones, or legs, did not 
meet with an obstacle to prevent them from in- 
clining any farther. 



PROBLEM XLVII. 



To arrange three sticks , en a horizontal plane^ in 
such a manner^ that whi/e the lower extreiniiies of 
each rest on that^lanCy the other three shall mutu-' 
ully support each other in tl^e air. 
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This depends merely on a little mechanical 
address, and may be performed in the following 
manner. 

Take the first stick A B (fig. 50 pL ii), and rest 
the end A on the table, holding the other raised 
up, so that the stick shall be inclined at a very acute 
angle. Place above it the second stick, with the 
end C resting on the table. And then dispose the 
third stick £ F, in such a manner, that while the 
end £ rests oh the table, it shall pass below the 
stick A B, towards the upper end B,, and rest on 
die stick C D. These three sticks, by this arrange- 
ment, will be so connected with each other, that 
ifae ends D, B and F will necessarily remain sus- 
pended, each supporting the other. 

PROBLEM XLVIIL 

To construct a cask^ into which if three different kinds 
of liquor be poured^ they can be drawn off at pica- 
sure by the same cock, without being mixed. 

For this purpose, the cask must be divided into 
three pardtions, or cells, A, B, C, (fig. 51 pi. 1 1), 
intended to contain the three different liquors ; such 
as red wine, white wine, and water ; which may be 
introduced each into its proper cell, by the same 
bung, in the following manner. 

In constructing the cask, a funnel D, with three 
pipes E, F, G, each conveyed into its cell, must 
be fitted into the bung ; and within this funnel must 
be placed another H, pierced with three holes, 
which may be made to correspond, at pleasure, 
with the apertures of each pipe. If each hole, in 
the interior funnel H, be made to correspond, in 
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succession, by turning it, with the apetfure pf .the 
pipe to which it belongs, thie liquor^ j^oufed '. m%o 
t^e funnel H, will pass into that pipe. . In tTus man- 
ner each cell may be filled with the liquor intended 
for it, without one of them being able to muc with 
the rest ; because when o^e pipe is opeix, the other 
two 2u-e 3hut. 

But, to draw off each liquor also, without con- 
fusion, at the bottom of the cask, there ' must be 
three other pipes K, L, M, each corresponding to a 
cell ; and a kind of cock I N, pierced wltK (hree 
holes, each corresponding to its pipe, that by turn- 
ing the stopper of the cock I, until oiie of these 
holes is brought opposite to its pipe, the liquor of 
the cell, to which that pipe belongs, may issue alone 
through it* 
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To make a soft body^ such as the end of a cqifdle^ 

fierce a board. " ' . 

Load a musket with powder, and instead of a 
ball put over it the end of a candle ; if you (l^j^n fixe 
it against a board, not very thick, t|ie îattçr iyill bè 
pierced by the candle-end, as if by a ball. V 

The cause of this phenpmenon, no doubt. Is that 
the rapid motion with which the candXé-ènd is im- 
pelled, does not allow it time to be fattened, and 
therefore it acts as a hard body. It is' the éSeçt of 
the inertia of the parts of matter, as may be easily 
proved by experinient. Nothing is ea$içr to be 
divided than water ; yet if the palm of the hand Be 
struck with some velocity against the sur&ce of 
water, a considerahle degree of resistance, and even 
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of , pain, is experienced from it, as if a hard body had 
been^etruck. Nay, a musket ball, when fired against 
vater^ is repelled by it, and even âatcened- If the 
musket is fired with a certain obliquity» the ball will 
be reflected ; and after this reflection is capable of 
killing any person who may be in its way. This 
arises from a certain time- being necessary to com- 
municate to any body a sensible motion. When a 
body then moving with great velocity, meets with 
anodier of a size much more considerable, it ex- 
periences almp3t its much resistance as if the latter 
were fixedt 

i 

PROBLEM L, 

jTi hreak a sticky placed on iw> drinking glasses j by 
striking it with another sticky and without breaking 
' the glasses. 

We give this problem, and the solution of it, 
merely because ît is found in all the editions of the 
Mathematical Recreations ; but, to speak the truth, 
those who attempt to perform it, ought to sup- 
ply themselves with plenty of glasses. However, 
the solution of it, whether real or false, is as 
follows. 

The stick, intended to be broken, must neither 
be thick, nor rest with any great hold on the two 
glasses. Both its extremities must be made to taper 
to a point ; and it ought to be of as uniform a size 
as possible, in order that its centre of gravity, which 
in this case will be in .the middle, may be more 
easily known. 

The stick, supposed to possess all the above pro- 
perties, must be placed with its two extremities 
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resting on the edges of the glasses, i^hlch ought to 
be penectly level, that the ^tick may remain hori- 
zontal, and not inclined to one side more than an- 
other. Care also must be taken that the points only 
shall rest lightly on the edge of each glass. If a 
speedy an4 smart blow, but proportioned, as far as 
can be judged, to the size of the stick and the di- 
stance of the glasses, be then given to it in the mid- 
dle, it will break in two, without either of the 
glasses being injured» 

REMARK. . 

We are far from warranting the certainty .of. 
this effect : for, in our opinion, those who 1?y 
the experiment, will break many glasses before, 
diey break the stick. There is however a phy- 
sical reason, which renders the success pos- 
sible ; and this reason is the same as that which 
causes a musket ball to pierce a weather-cock, or a 
door moveable on its hinges. The stick, indeed, 
when struck in the middle with a smart and sudden • 
blow, cannot, on account of its mass^ immediately 
acquire that motion necessary to yield to the impe- 
tuosity of the blow : it is strongly retained, as it 
were, by its extremities ; and in that case will as- 
suredly be broken. We must however repeat, that 
we would not advise any one to try the experiment, 
unless furnished with plenty of glasses. 

It might be tried however, in a manner less ex^ 
pensive, by making the extremities of the stick, 
destined to be broken, to rest on two small bits of 
wood, fixed perpendicularly on a stool or board. 
A person, after being exercised in this manner, 
might perform the experiment with all that appear** 
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ince of the marvellous, which it acquires when the 
sii/ck is made to rest on two glasses. 



PROBLEM LI. 

On the primples by wbicb the possible effect of a 

machine can be determined. 

It is customary for quacks, and those who have 
not a sufficient knowledg^e of mechanics, to ascribe to 
machines prodigious effects, far superior to such as 
are consistent with the principles of sound philoso- 
phy. It may therefore be of utility to explain here 
those principles by wliich we ought to be guided, 
in order to form a râti(Mial ofmuon, respecting any 
proposed machme. 

Whatever may be the construction of a machme, 
even supposing it to be mathematicaQy perfect, mat 
is immaterial and without friction, its effect, that is 
to say, the weight put in motion, multipUed by the 
perpendicular height to which it may be raised, in 
a determinate time, cannot exceed the product of 
the moving power, multiplied by the space it passes 
over in the same time. Consequently, since every 
machine is material, and as it is impossible to get 
entirely rid of friction, which will necessarily de- 
stroy a part of the power, it is evident that the first 
product will always be less than the latter. Let us 
apply this to an example. 

Should a person propose a machine, which by 
the strength of one man applied to a crank, or the 
Jever of a capstan, shall raise in an hour 3500 
gallons of water, to the height of 24 feetj we 
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might tell him, that he was ignorant of the prin» 
dpTes of mechanics. 

For the strength of a man applied to a crank, or 
to draw or push any weight, is only equal to about 
26 or 28 pounds, with a velocity at most of i looo 
feet per hour ; ^nd he could labour no more than 

7 or 8 hours in succession. Now, as the product 
of 1 1000 by 28 is 308000, if this product be 
divided by 24, the height to which the water is to 
be raised, the quotient wijl be 12833 Pounds of 
water, or 206 cubic feet = 1540 gallob^ raised 
to that height; which makes about 60 gâiUons, 
per minute, to the height of 10 feet. This is all that 
coutd be produced by such a power in ihe most 
favourable case. But the more complex the ma- 
chine, the greater is the resistance to be surmounced^ 
so that the product would never be hiearly ^ual ta 
the above ^ecrt. 

In a machine, where a man should act by hit 
own weight, and in walking, the advantage would 
not be much greater : for all that a man could do 
by walking, without any other weight thaai th^t of 
his body, en a plane inclined at an angle of 30 de- 
grees, would be to pafes over 6000 feet per hour, 
especially if he had to walk in this manner for 7 or 

8 hours. But here it is the perpendicular height 
alone; vvhich in this case is 3060 feet, that is to be 
considered : the product of 3000 by 1 50 pounds, 
which is the average weight of â man, is 450000 ; 
the greatest eflfect therefore, of ^uch a machine, 
would be 450000 pounds, raised to the height of 
one foot, or 18750 to the height of 24 feet, or 
about 90 gallotis, per minute, to the height of ib 
feet. By taking an arithmetical mean between this 
determination ' and the preceding, it will be found: 
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that the mean product possible of the strength of a 
man, employed to put in motion a hydraulic ma- 
chine, is, at most 75 gallons per minute ; especially 
if continued for 7 or 8 hours in the day. 

If the power were to act only for a very short 
time, as 3, 4, or 5 minutes, the product indeed 
might appear more considerable, and about double. 
This is one of the artifices employed by mecha« 
nicians, to prove the superiority of their machines. 
They put tihem in modon for some minutes, by 
vigorous people, who make a momentary effort, and 
thus cause the product to appear much greater than 
it really is* 

The above determination agrees pretty well with 
that given by Desaguliers in his 1 reatise on Natural 
Philosc^hy : for he assured himself, he says, by cat- 
culadon, that the effect of the simplest and most 
perfect machines, put in motion by men, never 
gives, in the ratio of each man, above 72 gallons of 
water per minute raised to the height of 10 feet. 

A circumstance, very necessary to be known in 
regard to machines which are to be moved by 
horses, is as follows: a horse is equal to about 
seven men *, or can make an effort in a horizontal 

* C. Régnier, in his description of the Dynuttotneter^ an 
instrument invented by him for the purpose of determin- 
ing the relative strength of men and horses, published in 
the youmalde P Ecole Folytechnique^ vol. II. p. 1 60, says, that 
from the result of all his experiments it appears, that the 
mean term of the maximum of the strength of ordinary 
men, to raise a weight, is about 285 pounds averdupois ; 
which agrees with the experiments of Delahire, but which 
Desaguliers considered as too small. In regard to horses, 
he says, that by takinr the mean results given by four 
horsesi of thç middle size, subjected te, trial o^e after the 
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direction of no pounds, moving with the velodtf 
of I coco or I looo feet per hour, suppodng he is 
to work 8 or lo hours per day Desaguliers ereii 
gives less, and thinks that the force of a man is to 
be only quintupled to find that of the horse. ; 

Those who are acquainted with these pnndpleSy 
will run no risk of being deceived by ignorant or 
pretended mechanicians ; and it is no snËul advan* 
tage to be able to avoid becoming the dixge of such 
men, whose aim is often to pick the pockets of tho^ 
who are so simple as to listen to them. 

other* the strength of ordinary horses may be esdmated at 
794 pounds averdupois. 

In comparing the relative force of men with that of 
horses, when the former draw a cart or boat by the help 
of a rope, after various trials, he found that the maximum 
of the strength of ordinary men, in dragging a horizontal 
weight, by me help of a rope, is equal to i lo pounds aver- 
dupois, and diat ot the strongest does not exceed 132 pounds 
averdupois. These difièrent trials agree pretty weO with 
the general received opinion, that » horse b seven times as 
strong as a man. This principle, however, cannot be ad- 
mitted in all cases ; for it is known by experimentthat a 
horse would sink under a burden, seven times as heavy as 
that which a man can support when standing upright. It 
may readily be conceived that what has been here siid re- 
specdng men and horses, is not applicable to daily and in- 
cessant labour ; but we may deduce from it this very just 
consequence, diat both can act for a whole day, when em- 
ploying a fifth of their absolute forces* According to the 
above results, therefore, the power which an ordinary 
man can exert for a continuance in dragging or pulling, is 
equal to no more than about 22 pounds^ and that of the 
Strongest to about 26 pounds. 
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PROBLEM LU. 

Of the Perpetual Motion. 

Th e perpetual motion has been the quicksand of 
inechanicians, as the quadrature of the circle, the 
trisection of an angle, &c, have been that of geo- 
metricians : and as those who pretend to have dis- 
covered the solution of the latter problems are, in 
general, persons scarcely acquainted with the prin- 
ciples of geometry, those who search for, or imagine 
they, have found, the perpetual motion, are always 
inen to whom the most certain and invariable truths 
|n' mechanics are unknown. 

It may be demonstrated indeed, to all those capa- 
ble of reasoning in a sound manner on those sci- 
^ces, that a perpetual motion is impossible: for, to 
l)e .possible, it is necessary that the effect should 

•l>ecome alternately the cause» and the cause the 
^ect« It would be necessary, iox example, that 
a weight, raised to a certain height by another 
weight, should in its turn raise the second weight to 
the height from which it descended. But, accord- 
ing to the laws of motion, all that a descending 
weight could do, in the most perfect machine which 
the mind can conceive, is to raise another in the 
same time to a height reciprocally proportional to 
its mass. But it is impossible to construct a machine 
in which there shall be neither friction nor the re- 
sistance ^of some medium to be overcome ; conse- 
quently, at each alternation of ascent and descent, 
some quantity of motion, however small, will al- 

' ways be lost : each time therefore, the weight to 
be rs^sed will ascend to a less height } and the mo-* 
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tîon ^ill gradually slacken, and at length cease 
entirely. - 

A moving principle has been sought for, but 
without success, in the magnet, in the gravity off 
the atmosphere, and in the elasticity of bodies. If a 
magnet be disposed in such a manner as to facili- 
tate the ascension of a weight, it will afterwards 
oppose its descent: Springs, after being unSent, 
require to be bent by a new force equal to that 
which they exercised ; and the gravity of the atmo^ 
sphere, after forcing one side of the machine to the 
lowest point, must be itself raised again, like any 
other weight, in order to continue its action. 

We shall however give an account of various 
attempts to obtain a perpetual motion, because they 
may serve to shew how much some persons have 
suffered themselves to be deceived on this subject. 

Fig. 52 pi. 12. represents a large wheel, the 
.circumference of which is furnished, at equal di- 
stances, with levers, each bearing at its extremity a 
weight, and moveable on a hinge, so that in one 
direction they can rest upon the circmnfercnce, 
while on the opposite âde, being carried away by 
the weight at the extremity, -they are obliged to 
arrange themselves in the direction of the radius 
continued. This being supposed, it is evident that 
when "die wheel turns in the direction a b r, the 
Weights A, B and C will recede from the centre ; 
consequently, as they act with more force, they will 
carry the wheel towards that side ; and as a new 
ïever will be thrown out, in proportion as the 
wh'eel revolves, it thence follows, say they, that 
the wheel will continue to move in the sjime direc» 
tion. But, notwithstanding the «pecious appearance 
of this reasoning, experience has proved ibèt the 
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true principles of mechanics >vill not hesitate to bet 
a hundred to one that the machine, when construct- 
ed, will not answer the intended purpose. 

The description of a pretended perpetual mo* 
tion, in which bell(^s, to be alternately filled with 
and emptied of qui^silver, were employed, may 
be seen in the yournai des Sçavam for 1685. It 
was refuted by Bernbull), and some others, and 
it gave rise to a long^ dispute. The best method^ 
which the inventor could have employed to defend 
his invention, would have l!>een to construct it, and 
shew it in motion ; but this was 4[xeyer done. 

We shall here add another curious anecdote on 
this subject. One Orfyreus annoimced,'af(ii.eipsic, 
in the year 1717, a perpetual modon, consisting of 
a wheel, which would continually revolve. This 
machine was constructed for the landgrave of Hesse- 
Cassel, who caused it to be shi)t up in a place of 
safety, and the door to be sealed with his own seal. 
At the end of forty days, the door was opened, and 
the machine was found in motion. This however 
affords no proof in favour of à perpetual motion ; 
for as clocks can be made to to a year without be- 
ing wound up, Orfyreus's wheel might easily go 
forty days, and even more. 

The TC9ult of this pretended discovery is not 
known : we ^u-e informed, by one of the journals, 
that an Enelifliman offered 80000 crowns for this 
machine } qut Orfyreus refused to sell it at that 
price ;> in this he certainly acted wrong, as there is 
reason to think that he obtained by his invention» 
neither money, nor even the honour of having dis* 
covere4^ the perpetual motion. 

The Academy of Painting, at Pariis, possessed a 
dock» which had ao need of being wound up, and 
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%rinch~ might be considered as a perpetual modon^ 
though it was not so. But this requires some ez«» 
planation. The i|igenious;author of this clock ein* 
ployed thç variations in thé state of the atmosphere, 
-ror winding up his-numng weight : various artifices 
liright . be oensed for this pUrpo^ but diisisno 
mon a perpetual- motion, thdn if the flux and re» 
ÊùKiai the sea wore employed to keep the machine 
ésKinually gomg ; J(br ^dlis prindi^ of motion is 
Mterior to me machine, and fimns no part of it. 

But cQOUg^ has bem said on this chimera of me* 
dianics. We sincerely hope that 9ione of our readers 
éfll ever lose themselves in tbe lidiculdus and un^ 
fiMMimate iidbyrmth of siich a research. 

T^ceochide, k is'false that any reward has been 
fiomised bv she >E«FÔpeui powers to the person 
tfho -shall discover the perpetual motioni and the 
tase is^the same In -regard to the quadrature of the 
drde/ It Is tllis idea, lib dôûbt, that escites so 
taany tx) attempt the solution of these problems } 
and it is proper they should be undecéivedé 

PROBLEM LUI. 

^0 determine the height of tJje arched ceiling of a 
churchy by the vibrations ef the latitfis suspended 
from it. 

m 

For this Invention we are indebted, it is *sàid, 
to GalHleo, who first ascertained the ratio of the 
duration of the oscillations made by pendulums of 
^fièrent lengths*. But in order that this methdd 

* Indeed, it seems it was by that author accldentall]r'c>b- 
sendng the nxuformity in the intervals of the swing' of ths 
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may have a certain degree of exactness, the weight 
of the lamp ought to be several times greater than 
that of the cord by which it is supported* 

This being supposed, put the lamp in motion by 
removing it a very httle from its perpendicu-* 
lar direction, or carefully observe that commua 
nicated to it by the air, which is very common ; and 
with a stop-watch find how many seconds one vibra- 
tion continues, or, if a stop-watch is not at hand» 
count the number of vibrations performed in a cer? 
tain nftunber of minutes : the greater the number of 
minutes, the more exact will the duration of each 
vibration be determined ; for nqthin^ will then be 
necessary, but to divide those minutes by the niun-, 
ber of vmtations, and the quodent will be the dura- 
tion of each in minutes or seconds. 

We shall here suppose that it has been foimd, by 
either of these methods, that the time of each 
vibration is 54. seconds j square 54., which is 30^, 
and multiply by it 39I inches, the length of a pen« 
dulum that swings seconds in the latitude of Lon« 
don, the product will be 98 ft. 7 inc. 6 lin., which 
will be nearly the height from the point of suspen* 
sion to the bottom or rather centre of the lamp. 
. If the distance from the bottom of the lamp to 
, the pavement be then measured, which may be 
done by means of a stick» and added to the former 
result, the sum will give the height of the arch 
above the pavement. 

suspended lamps, diat he first took the hint of employing 

the oscillations of pendulous bodies, or pendulums, for 

. the purpose of measuring time. And hence the invention 

of pendulum clocks. . 

. VOIm lit I 
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This solution is founded on a property of pen« 
dulumSy demonstrated in mechanics ; which is, that 
the squares of the times of the vibrations are as the 
lengths ; so that a pendulum four times the length 
of another, performs vibrations which last twice as 
kmg. 

But on account of the irregular form of the 
lamp, and the wdght of the rope, which sustains 
k; we must confess that this method is rather cu« 
rious than exact. We shall however present the 
reader with another problem of the same kind. 

PROBLEM LIV. 

I 

T0 measure the depth ef a well^ by the time eh^sedbe* 
tween the commencement rf the fall tf a bewy bodjj 
and that when the sound of its fall is conveyed to 

' the ear» v 

• 

* Have in readiness a small pendulum that swings 
half seconds, that is to say, 9^^ inches in length, 
between the centre of the ball, and the point of 
suspension. You must also employ a weight of 
some substance as heavy as possible, such for ex- 
ample as lead ; as a common stone or pebble ex- 
periences a considerable retardation in falling, and 
therefore would not answer the purpose so well. 

Let go the weight and the ball of the pendulum 
at the same moment of time, and count the number 
of the vibrations the latter makes, till the mo- 
ment when you hear the sound. We shall here 
suppose that there were ten vibrations, which make 
5 seconds. 

: As a heavy body near the earth's surface falU 
•about i6rT feet in one second of time, çt for dûs 



l^iirpoaé i6'ket will be exact enough; and alt 
ioi^nd mo^es ^t ^ the rate of 1 142 feet per second ; 
multiply together 1142, 16 and 5, which will give 
913609 and to 4 times (tds product^ or 365440 add 
the square of 1142, which is 1304164, and the 
sum will be 1 669604; and if from the square root of 
the last number = 1292 the number 1 142 be sub* 
traccedy the remainder 150 divided by 32 will give 
4*69 for the number of seconds which elapsed during 
the fall of the body : if this remainder be subract* 
td from 5, the number of seconds during which 
the body was falling and the sound returning, we 
4ihall have o'^i for the time which the sound sdone 
employed belore it reached the ear ; and this num* 
ber multiplied by 1 142, will give for product 354 
feet = the deptn of the well. 

This rule, which we must allow to be rather 
complex, is founded on the property of falling 
bodies, which are accelerated in the ratio of the 
times, so that the spaces passed over increase as 
the squares of the times *• But as the resistance of 

* For die sake of our algebraical readers we shall here shew 
how to find the formula from which the above rule is de- 
duced : Let tf = 5> i^ i6tt9 ^ ^ i 142» and let ^ be die 
time which the body employs in falling, consequendy a—* 
PC will be ihe time of the sound returning. Ijhen as i*: 
i : : X* : b x*^z depth of the well j and, i : r: : ^ -— x: 
c a — c X z=s depth of the well also 5 therefore b x^:=:c iBf— 

c ft, and by transposition and division, x* -^-^^ ^ Lf^ 
Completmgthe«iuaie,** + i + ^.= 'L. + ^ = ^^^ 
Hence, * + 1. = v/^ + < and ;r = y/'*^ + 'T. - i-=: 
Vt»+4<it — t — nearly ^^^ the time of descent. Con- 
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the air, which in considerable heights, such as 
those of several hundred feet, does not fail to re- 
tard the fall in a sensible manner, has been neglect* 
ed, the case of this problem is nearly the same 
as with the preceding ; that is to say, the solution 
is rather curious than useful. 

oequendy a — ,V v = \ , i* nearly the time of tl» 
sound's ascent 
Hence, from the expression f\ a much simpler rule 

is obtained for the time of the descent, which is as follows : 
Multiply 1 142 bv 5i which gives for product 5710 j then 
multiply also 16 by 5, which gives 80, to whicn add 1 142, 
this gives 1222, by which sum divide the first product 
5710, and the quotient 4*68 will be the time of descent, 
nearly the same as before» This taken from 5 leaves 0*32 
for the time of the ascent; which multiplied by 1142, 
gives 536 for the depth, diffetingbut little from the former 
more exact number. 
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Eishrical accmtt of some extraordinary and celebrated 

mechanical works. 

AN essential part might seem wanting to this 
work if we neglected to give some account of the 
various machines, most celebrated both among the 
andents and modems. We shall therefore cake à 
cursory view of the rarest and most singular inven-* 
tions, produced by mechanical genius, in different 
ages. 

S h Cf tie machines or automatons of Archjtasy 
Archimedes y Hero and Ctesibius. 

. Some machines of this kind arementioned in an- 
cient history, in terms of the utmost admiradon. 
Such were the tripod automatons of Vulcan ; and 
the dov6 of Archytas, which, as we are told, could 
fly like a real animal. We have no doubt however, 
diat the wonderful properties of these machines, if 
they ever really existed, have been greatly exagge- 
rated by credulity ; and by the accounts of them 
being handed down through such a long series of 
ages. We are told also of the moving sphere of 
Archimedes, in which, as appears, that celebrat- 
ed philosopher had represented all. the celestial 
motions, as they were then known ; and this^ no 
doubt, was a master-piece of mechanism for that 
remote period. Every one is acquainted with the 
famous verses of Claudian on this machine. 

Several wonderful machines were constructed 
also by Hero and Ctesibius of Alexandria. An ac* 
count of some of those invented by Hero may be 
seen in a book called £//>/Ya//a. Some of them are 



lis AUTOMATOKS. 

-very ingenious, an4 do honour to the talents o| 
that mechaniciaa. 

^ U. Of the machines ascribed to Albert the Create 

and to H^iofrtentamu^ 

m 

That ignorance, in the darkness of which al) 
Europe was involved, from the sixth or seventh 
century to the fifteenth, did not entirely extinguish 
mechanical genius. We are told that the embas<» 
sadors sent by the king of Persia to Charlemagne 
brought, as a present to the latter, a machme, 
'which> acoprdii^ to the descrijMion given of it^ 
would have done honour to our mo<&m mecha^ 
nicians; for it fippears to have been a striking 
dock, whieh had figures that pe7fi>nned varioui 
movements. It is indted true that, while Europe 
was immersed in ignorance, the arts and sdencea 
diffused a gleam of light among the nations of die 
East. In regard to tljose of the West, if we can 
believe what is related of Albert the Great, who 
lived in the thirteenth century, that mathematician 
constructed an automaton in the human form, 
which when any one knocked at the door of its 
cell, came to open it, and sent forth some sounds, 
as if addressing the person who entered. At a 
period later by some centuries, Regiomontanus, or 
John Muller of Konigsberg, a celebrated astrono* 
mer, constructed an automaton in the figure of a 
fly, which walked around a table. But these ac- 
counts are probably very much disfigured by ignor 
ranee and credulity. The following however are 
instances of mechanical skill, in which there is much 
înore of reality. 
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§ nL Of various celebrated Clocks. 

In the fourteenth century^ James- Dondi con^ 
structed for the city of Padua a clock, which ws^ 
long considered as the wonder of that period. Be- 
sides indicating the hours^ it represented the motion 
of the sun» moon, and planets, as well as pointed 
out the different festivals of the year. On this ac- 
count, Dondi got the surname of Horologio^ which 
became that of his posterity. À little time after, 
William Zelandin constructed, for the same city, 
.one still more complex ; which was repabred in the 
sixteenth century by Janellus Turrianus, the me- 
chanician of Charles V. 

But the most celebrated works of this kind are 
the clocks of the cathedrals of Strasburgh and 
Lyons. That of Strasburgh was the work of Con- 
rad Dasypodius, a mathematician of that city, who 
lived towards the end of the sixteenth century, 
and who finished it about the year 1573. It is 
considered as the first in Europe* At any rate 
there is none but that of Lyons which can dispute 
pre-eminence with it, or be compared to it in regard 
to the variety of its effects. 

The face of the basement of the clock of Stras- 
burgh exhibits three dial-plates ; one of which is 
round, and consists of several concentric circles ; 
the two interior ones of which ^ perform their revo- 
lutions in a year, and serve to mark the days of 
the year, the festivals, and other circumstances of 
the calendar. The two lateral dial-plates are square, 
and %erf€ to indicate the eclipses, both of the sun 
and the^moon. 

Above the middle dial-plate, and in the attic 
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space of the basement, tlie days of ihe week are 
represented by different divinities, supposed to pre» 
side over the planets from vrhich their common ap- 
pellations 2ffe derived. The divinity of the current 
xlay appears in a car rolling over the clouds, and at 
midnight retires to give place to the succeeding one. 

Before the basement is seen a globe, borne on the 
wings of a pelican, around which the sun and mooA 
revolved ; and which in that manner represented 
the motion of these planets ; but this part of the 
machine, as well as several others, has been d€« 
ranged for a long time. 

. The ornamented turret, above this basement, ex* 
hibits chiefly a large dial, in the form of an astro* 
labe ; wliich shews th^ annual motion of the sun 
and moon through the eclipdc, the 'hours of the 
day, &c. The phases of the moon are seen also 
marked out on a particular dial-plate above. 

This work is remarkable also for a considerable 
assemblage of bells and figures, which perform dif- 
ferent motions. Above the dial-plate last mentioned, 
for example, the four ages of man are represented 
by symbolical figures : one passes every quarter of 
an hour, and marks the quarter by striking on 
small bells ; these figures are followed by death, 
who is expelled by Jesus Christ risen from the 
grave ; who however permits it to sound the hour, 
in order to warn man that time is on the wing. 
Two small angels perform movements also ; one 
striking a bell with a sceptre, while the other turns 
an hour-glass, at the expiration of an hour. 

In the last place, this work was decorated with 
various animals, which emitted sounds, similar to 
their natural voices ; but none of them now remain 
except the cock, which cfows immediately before 
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the hour strikes, first stretching out its neck and 
clapping its wings. The voice of this figure how* 
ever is become so hoarse as to be much less hanno* 
nious than the voice of that at Lyons, though die 
latter is attended, in a considerable degree, with the 
same defect, it is to be regretted that a great part 
of this machine is entirely deranged. It would be 
worthy of the illustrious metropolitan chapter of 
Strasburgh to cause it to be repaired : we have heard 
mdeed that it has been attempted^ but that no artist 
could be fojand capable of performing it. 

The clock of the cathedral of Lyons is of ksr 
size than that of Strasburgh ; but is not. inferior to it 
in the variety of its movements ; and. it has.the ad- ' 

' vantage also of being in a good condidon. It is 
the work of Lippius de Basle, and was exceedingly 

^ well repaired in the last century by an ingenious 
Clock-maker of Lyons, named Nourisson. like 
that of Strasburgh, it exhibits, on different dial- 
plates, the annual and diurnal progress of the sun 
and moot!, the days of the year, their length, and 
the whole calendar, civil as well as ecclesiasticaL * 
The days of the week are indicated by symbols 
more analogous to the place where the clock is 
erected ; the hours are announced by the crowing of 
the cock, three times repeated, after it has clapped 
its wings, and made various other movements. 
When the cock has ddne crowing, angels appear, 
who, by striking various bells, perform the air of a 
hymn -^ the annunciation of the Virgin is represent- 
ed also by moving figures, and by' the descent of a 
dove from the clouds ; and after this mechanical ex- 

. hibidon, the hour strikes. On one of the sides of 
the clock is seen an oval dial-plate, where the hours 
and minutes are indicated by means of an indexa 
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which lengthens or contracts itself, according to 
the length of the semi-diameter of the ellipâs over 
vhich it moves. 

A very curious clock, the work of Martinot, a 
celebrated clock-maker of the seventeenth century, 
was to be seen in the royal a^>artments at Versailles. 
Before it struck the hour, two cocks on the comers 
0f a small edifice crowed alternately, clapping their 
wings ; soon after two lateral doors of the edifice 
opened, at which appeared two figures bearing 
cymbals, beat upon by a kind of guards with clubs. 
When these figures had retired, the centre door 
was thrown open, and a pedestal, supporting an 
equestrian statue of Louis XIV, issued 'from it, 
while a group of clouds separating gave a passage 
to a figure of Fame, which came and hovered over 
the statue. An air was then performed by bells ; 
after which the two figures re»entered; the two 
guards raised up their clubs, which they had 
lowered as if out of respect for the presence of the 
king, and the hour was then struck. Though all 
these things are easy for ingenious clock-makers of 
the present day, when we come to treat of Astrono- 
my, we shall give an account of some machines of 
this kind, purely astronomical, which do honour to 
the inventive genius of those by whom they were 
constructed. 

§ IV. Automaton machines of Father Truchct^ M. 
Camus, and M. de Vaucanson. 

Towards the end of the seventeenth century. 
Father Truchet, of the royal Academy of Sciences, 
constructed, for the amusement of Louis XIV, 
moving pictures, which were considered as very 
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I 

remztkaiblt mastçr pieces of mechanics* One of 
these pictures, which that monarch called his little, 
opera, represented an opera of five acts, and chang* 
edthe decorations at the commencement of eaciu 
The actors performed their parts in pantomime. 
The representation could be stopped at pleasure; 
this effect was produced by letting go a catch, and 
by means of another the scene could be made to 
re-commence at the place where it had been inter* 
rupted* This moving picture was sixteen inchei 
and a half in breadth, thirteen inches four lines ia 
. height, and one inch three lines in thickness, for 
the play of the machinery. An account of this piece 
of medianism may be found in the eulogy on 
Father Truchet, published in the Memoirs of the . 
Academy of Sciences, for the year 1729. 

Another very ingenious machine, and in our ' 
opinion much more difficult to be conceived, is that 
described by M/ Camus, a gentleman of Lorrain^ 
who s^ys he constructed it w the amusement of 
Louis XIV, when a child. It consisted of a small 
coach drawn by two horses, in which was the figure 
of a lady, with a footmah ^nd page behind. 

If we can give credit to what is stated in the 
w(»rk of M. Camus, this coach being placed at the 
extreMdty of a table of a determinate size, the 
coithman smacked his whip, and the horses imme- 
diately set out, moving their legs in the same man- 
ner as real horses do. When the carriage reached 
the edge of the table, it turned at a right angle, 
and proceeded along that edge. When it arrived 
opposite to the place where the king was seated, it 
propped, and the page getting dotm opened the 
door, upon which the lady alighted, having in her 
lumd a petition which she 'presented with a cuitsey« 
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j&fiier wiidûg tome time»* she^ again curtûed, and 

to^nteredwe carria^ ; tlie pa^e then resumed hk 

pbœ^ die coachman whipped his horses, idiidi 

begin to more, and the fb<mnan» nmning lifter tfat 

carnage» jumped up behind it/ 

- It is much to be regretted that^M. Camus^'instead 

.'of confining himself to a «meral account of tfafe 

'inechanism^ which he employed to produce theae 

•effixts, did not enter into a more minute description | 

im^ if diey are true, it must have required a very 

^singular artifice to produce them, and the same 

gbeans might be applied to machmes of greater 



About thhrty or thirty-five years ago, three very 
curious machines were exhibited by &L de Vaucan* 
aoUt ▼^f ^^ automaton flute-player, a player on the 
fttgeokt sind tambourine, and an artificial duck. The 
first played several airs on the flute, with a precision 
grejtter perhaps thjsn was ever attained to by the 
best Uving player, and even executed the tongiiing, 
which serves to distinguish the notes. According 
to M. de Vaucanson, this part of the machinery 
cost him the greatest trouble. In a word, the tones 
were really produced in the flute by the proper 
motion of the fingers. * • 

The player on the flageolet and tambourine per- 
formed also some airs on the first of these instru- 
ments, and at the same time kept continually beat- 
ing on the latter. 

But the motion of the artificial duck, in ôiir 
opinion, was still more astonishing ; for it extend- 
ed its neck, raided up its wings, and dressed its 
feathers with its bill ; it picked up barley from a 
trough, and swallowed it ; drank from another, 
and, after various other movements, voided some 
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matter resembling excrements. The first time I 
saw these machines I immediately discovered some 
of the artifices employed in regard to the two fot*. 
mer» but I confess that the latter baffled my pene« 
tratioBé 

We have also of late been amused, by,M« Droz 
and M. Maillardet, &c, with the surprising per- 
formances of the chess-players, the small but sweet 
«nging-tûrd» the writing figure, the musical lady, 
^the conjurer, the tumbler, &C9 &c. 

m 

§ V. Cy the Machine at Marly. 

It will doubtless -be allowed, that themachinel 
above mentioned are, in general, more curious 
iban useful \ but there are other two, the celebrity 
and utility of which require that we should here 
give them a place. These are the machine of 
Marly, and that known under the name of the 
steam engine^ We shall begin with the former, 
of the construction and effects of which the follow- 
ing brief description will give some idea. 

The machine of Marly consists of 14 wheels, 
each about 36 féet in diameter, moved by a stream 
of water, confined by an estacade, and received into . 
/SO many separate channels. Each wheel has at the 
extremities of its axis, two cranks, and this forms 
28 powers, distributed in the following manner. 

It must however bè first observed, that the water 
is raised, to the place to which it is to be conveyed, 
by three, different stages ; first from the river to a 
reservoir, at the elevation of 160 English feet 
above the level of the Seine ; then to a second re- 
KTvoir 346 fe^t higher \ and from the lattçr to the 
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summit of a tower^ somewhat more than 533 feet 
above the river. 

Of the 28 cranks, above mentioned, eight are 
employed to give motion to 64 pumps ; which is 
done by means of working beams, having foiur 
pistons at each extremity of tfheir arms : this makes 
dght to each working beam, which are drawn up 
and pushed down alternately. These 64 pumps 
' ibrce up the water to the first reservoir ; and this 
reservoir furnishes water to the first well, on which 
is established the second set of pumps. 

Eleven more cranks are employed to force the 
water from the first well to the second reservoir. 
This is done by means of long arms adapted to these 
cranks, which move large frames, to oiie of the 
irrns of which are attaèhed strong iron chains, that 
extend from the bottom of the mountain to the first 
ivell. These chains, called chevalets^ are formed of 
parallel bars of iron, the extremities of which "are 
bound together by iron bolts, and are supported at 
certain intervals by transversal pieces of wood, 
moveable on an axis, that passes through the middle 
of each ; so that when the upper bar of iron, for 
example, is drawn down by the lower end, all these 
pieces of wood incline im dne direction, and the 
lower bar moves backwards and pushes in a direc- 
tion contrary to the upper one. These bars or 
chains serve to put in motion the working beams^ 
or squares, and the latter move the pistons of 80 
sucking and forcing pumps, which raise the water 
from the first well to the second reservoir. 

In the last place, nine other cranks, by a similar 
mechanism, put in motion those chains, called the 
grands chevalets^ which move the pumps of the 
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second well» and raise the water from it to the 
summit of the to wen These pumps are in number 
seYenty-t#o. 

Such, in a few words, is the mechanism of the 
machine of Marly. Its mean product, as said, is 
from 30000 to 40000 gallons of water, per hour. 
We make use of the term mean product, because 
at certain dmes it raises 60000 ^lons, but only 
under very favourable circumstances. During in* 
undatioos, when the Seine is frozen, when the water 
is very low, or when any repairs are making, the 
machinery stops either entirely, or in part* We 
have read that in the year 1685 it raised 70009 
calions per hqur ; but this we can scarcely believe ; 
. if by that quantity is undeistood its mean product ; 
as it would be above lo^o gallons per minute. 

However this may be, the following calculation 
is founded on details collected on purpose. The 
annual expence of the machine, including the sala^ 
ries of those who superintend it, and the wages of 
the workmen employed, together with repairs, ne- 
cessary articles, &c, may amount to about 3309^ 
sterling, or 9^^ per day ; which makes about i far- 
thing per 9» gallons. But if we take into this 
account, the interest of the 333000^ which, it is said, 
were expended in the construction of it, 90 gallons 
will cost 3 halfpence, which is at the rate of a far- 
thing for 15 gallons. This is very fiar from the 
f rice which the King of Denmark thought he tnight 
set on this water ; for that prince, when he paid a 
visit to Marly, in the year 1 769, being astonished, 
no doubt, at the immensity of the machine, the 
multitude of its movonents, and the number of the 
workmen it employed, he observed that the water 
perhaps cost as much a« wine. By the above cal- 
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culation, the reader may sec how far hîs majesty 
was mistaken. * 

It is an important question to know, whether the 
machine of Marly could be simplified. On this 
subject we shall give a few observations, which 
from some experiments made, and a minute exa- 
minadon of the different parts of the machine, ap* 
pear to be founded on probability. 

People in general are surprised that the inventor 
of this machine should cause the water, in some 
measure, to make two jests, before it is conve)'ed to 
die sununic of the tower. It has been humour. 
ously said, that he no doubt thought the \i'ater 
irouid be too much fatigued to ascend to the per« 
pendicular height of more than 533 feet, all at one 
breath. It is more probable that he thought his' 
moving force would not be sufBcient to raise the 
vater to that height ; but this is not agreeable to 
theory f for it is found by calculation, that the 
force of one crank is more than sufEcient to raise a 
cylinder of water of that altitude, and above 8 inches 
in diameter. Able mechanicians however are of 
opinion, that though this be not impossible, to carry 
it into execudon would be attended with great in- 
conveniences, which it would be too tedious to 
explain. 

But it appears certain at present, that the water 
might be raised in one jet to the second well. This 
results from two experiments, one made in 1738, 
and the other in 1775. In the first, M. Camus of 
the Royal Academy of Sciences, endeavoured to 
make the water rise in one jet to the tower : his 
attempt was not attended with success, but he made 
it rise to the foot of the tower, which is considera- 
bly higher than the s^ond reservoir \ hence it foU 
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lows^, that if he had confined himself to making the 
Mirater rise in one jet to the second reservoir, he 
would have succeeded. It is said that, during this 
experiment» the machine was prodigiously strained; 
diat it was even found necessary to secure some 
parts of it with chains ; that it required twenty- 
four hours to force it to that height, which is about 
480 feet, and that it was not possible to make it 
go farther. The object of the second trial, made 
m 1 775, was to raise the water only to the second 
well. It indeed ascended thidier at different times, 
aAd in abundance ; but the pipes were exceedingly 
stliaihed at the bottom, so that several of them burst; 
and it was necessary to suspend and recommence 
die experiment several dmes. It is however evi- 
dent that this arose from the age of the tubes and 
their want of strength, as they had not the proper 
thickness; a fault which might have been easily 
remedied. Here then we have one step towards 
the improvement of the machine; and it results 
from this trial, that the chains which proceed from 
die river to the first well, might be suppressed^ and 
even the first well itself. 

It. still remains to be determined, whether the 
water could be made to ascend, in one jet, to the 
summit of the tower. This would be a very curious 
experiment ; but no doubt difficult and expensive, 
because it would be necessary to make considerable 
changes in different parts of the machine ; and 
even in the case of its succeeding, the water raised 
might perhaps be in such small quantity, that it 
would be better to retain the present mechanism. 

It is probable that varioua improvements might 
be made in different parts of the machine* In sè« 

TOJL. lit K 
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▼erd poshioîis, tlie moving forces .act only cb» 
Uqudy, which occaszons a ^eat loss of power, aiul 
must tend to render the machhie less effectual. The 
fotm of the pistons^ valves, and oiSfÂration tubes^ 
might perhaps admit also of some change. But as 
diis is not the place for emering into these detaUs, wr 
shall proceed to the Steam Engine, of which we pro^ 
mised to ghre a short description. 

§ VI. Of the Sfeam Engine. 

« 

The Steam Engfaie is that perhaps in which the 
genius of mech&nism has been man&sted in the 
highest degree j for no idea could be more happy 
than that of employmg alternately, as moving 
powers, the expansive force of the steam of water, 
land the weight of the atmosphere. Such indeed is 
the principle of this ingenious machine,^ which is 
at present employed with so much success in 
pum{Mng water from mines, and for a variety ci 
other purposes in the arts and manufactures. 

The first part of this machine is a large boiler, 
to the cover of which is adapted a hollow cylinder^ 
^, 3, or 4 feet in diameter. A communication is 
formed between the boiler and the cylinder by an 
fiperture, capable of being opened or shut. Into 
this cylinder is fitted a piston, the rod of which is 
made fast to the extremity of one of the arms of a 
working beam, having at the extremity of its other 
arm, the weight to be raised, which is generally 
the piston ota sucking pump, adapted to raise 
water from a great depth. The whole must be 
combined in such a manner, that when the air 
or steam has free access into the cylinder, which 
communicates with the boilçr, the weight alone of 
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die appamtus .affixed to 'the opposite arm shall be 
capable of rveising that' pôston. 

Let U8 now suppose the boiler filled with water 
to.arCertaia>beigiht^>andthat it is brought to a stale 
•of Qomplene ebliUition, by a 4arge fire kindled jielow 
tke boiler* As a part of this water will contiinually 
rise in steatn^ when the communicadon between the 
boSer and the cylinder is opened, this vapour, which 
is elastic, will introduce itself into it, and raise the 
piston ; as its force is equivalent to that of air. l«et 
us isuppose also that the .piston, when if attains to >a 
certain iheight, ^by nieans of ^ome mechanisHi, whioh 
may be easily conceived, moves a certain p^rt of the 
naachine, which intercepts the ^communication :be- 
tween the boiler and the cylinder; and, in the iast 
.place, that ;by the same cause a jet of cold water is 
thrown beneafih the bottom of the piston in the cy- 
linder, so as to fall down through the vapour .in 
die form of rain. At that moment the steam wfll 
>be condensed into water ; a vacuum will be formed 
in the cylinder, and consequently the piston will be 
then charged with the weight of the atmosphere 
above it, or a weight equivalent to a column of 
water of the same base and 32 feet in height. If 
the piston, for example, be 52 inches in diameter, 
as is the case in ^tbe steam«engines of Montrelais, 
.'aear Ingrande, .this weight will be equal to 29450 
>poundk: the piston will consequently be obliged 
to descend .with a force equal to nearly .30000 
4x>unds, ai{d the other arm of the working beam, 
if it be of the same length, will act with an equal 
force to overcome the resistance opposed to it. 
When the piston has made this first stroke, the 
communication between the boiler and the cylinder 
4s -restored ; ^ > steam of the boUing water again 
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. enters it, and the equilibrium between the air of 
the atmosphere and the iiiside of the c^inder being 
re-established, the weight of the apparatus affixed to 
the other end of the working beam descends, and' 
taises the piston ; the same play as before is renew^ 
ed ; the piiton again falls, and the machine con- 
tinues to produce its effect. 

It may be readily conceived, that we must here 
confine ourselves to this short sketch ; for a long 
description and a variety of figures would be ne- 
cessary to give a correct idea of the many different 
parts requisite to produce this effect ; such as that 

. which opens and shuts the communication between 
the boiler and the cylinder ; that which injects cold 
water into the cylinder ; those which serve to eva- 
cuate the air and water formed in the inside of the 
cylinder ; the regulator necessary to prevent the 
steam, when it becomes too strong, from bursting 
the machine, &c. For farther details therefore we 
must refer the reader to those authors who have 
piuposely treated of this machine; such as BeUdor 
in his architecture Hydrauliquej vol. II ; Desaguliers, 
hi his Coitrs de Physique Expérimentale, vol. II ; M. 
Prony, in his Nouvelle Architecture Hydraulique ; 

. and several others. 

The machine here described is very different from 
that mentioned by Muschenbrock, in his Cours de 
Physique Expérimentale. In the latter, the steam 
acts by its compression on acvlinder of water, 
which it causes to ascend. This requires steam 
highly elastic, and very much heated ; but in this 
case there is great danger of the machine bursting. 
In the new machine, that above described, it is suf- 
ficient if the steam has the elasticity of the air : * this 
it will acquire if thd^ter boils only briskly ; and 
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therefore the danger of the machme bursting is. not 
nearly so great : it is not even said that this accident 
ever happened to any of the large Steam-Engines^ 
which have been long -established. 

The largest Steam Engine with which I am ac- 
quainted, is that of Montrelaisy jiear Ingrande, 
which is çmployed in freeing the coal mines from 
water. The cylinder is 524- inches in distmeter *• 
k raises per hour, to the height of 652 feet, by 
eight diflS^ent stages, 1145 cubic feet of water, 
or 10800 gallons ; and as it is estimated, after de- 
ducing the time lost by putting it in motion, dur- 
ing accidental repairs, which are necessary from 
tin^ tt> time, &c, that it works 22 hours in the 24, 
its daily effect is to raise, to the above, height, and 
evstcuate, 237600 gallons of water. In the same 
time it consumes about ^66 cubic feet qf coals. The 
other expences attending it must also be consi- 
derable. 

* 

In the same place is another machine which, in 
some respects, appears to be constructed on a better 
principle. Though the cylinder is only 34 inches 
in diameter, it raises, in 22 hours, to the same 
height, and at one jet, 22000 cubic feet, or about 
165000 gallons, which is above two thirds of the 
quantity raised by the former, while the moving 
power, which is in the ratio of th^ squares of the 
diameters of "^^e pistons, is pnly about y of that 
of the other^ 

An attempt was made, some years ago, to em- . 
ploy the steam engine to move* carriages, an4 an 

'^ In some Steam Engines in England the cylinder is 63, 
and even 72 inches in <uameter, and their power is equal 
19 that of 250 borKs. 
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^périment on thi& Subject was tried at the arsen^ 
of Paris. The carris^e indeed moved» but in our 
opitiion this idea must be considered rather as la^ 
genious, than susceptible of being put in practice^ 
It ^ouM not be yc*y agreeable to travdlers to hoar, 
behind them> the noise of a maohi&e capable, if it 
should bursty of blowing them to atoms ; and we 
much doubt whether this invention would meet 
v^idi encouragement. A boat also whikh^ it b said>> 
could be made to move against the current by means 
of a Steam Engine, was seen for a long time in the 
middle of the Seine, opposite ll!o Pftssy. Nothing 
less was hoped from this invention, theni to be able 
to convey a boat, laden with merchandise, in tw6 
or three days, from Rouen to Fdiis ; but scarcely 
was the machine in motion when die wheels, the 
flbat-boards of which were to serve as oars, wer^ 
broke in pieced by the effect of the too vioksit-and 
sudden impression they received. Such was the 
result of this attempt, the failure of which had been 
ptedicied by the greater part of those mechanicians, 
who had see^ the preparations. 

REMARK. 

As Montucla has given but a short and imperfect 
account of that truly noble English invention, we 
have subjoined the following brief history of it. The 
Steam Engine was invented by the marquis of Wor- 
cester, in the year 1655. And an account of it was 
printed in a little book^ intitled, A Century of the 
Names and Scantlings of such Inventions as at .present 
I can call to viindy &c. j in the year 1663. 

In the 68th article of that work, the marquis de- 
scribes the invention in the following words — ** An 
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^^ ads^nbk amd mosi forcible W9y to drive up 
^^ watar by fire. Not by drawing er sucking ic 
upwards» lor that must be, as tha Philosopher 
caJIeth it» Intra Spharam^ Activita^^ which is but 
f ^ at such a distance ;, bui this way hath no bounds» 
^^ if the vessel be strong enough ;l for I have tak^ a 
^^ piece of a w4iote cannon» wihereof the end wa$ 
« binrst, and filled it ^ree quarters full of water, 
^^ stopping and securing up tfa^ broken end, as also 
^^ the touch hole, and making a constant fire under 
^^ it, within 24 hours it burst and madie a great 
^^ crack ; so that having a way to make my vessels, 
^^ so that they are strengthens by thie force withjlA 
^^ tbeoi^ and the colq to fill after the other. I have* 
u g^^ (j^ water run Uke a constant fountain streafflt 
^* forty feet high ; one vessçl of water rarefied bj^ 
'^ fiire dmeth up forty of cold water. And a <n.ai» 
'^ that tends the work is but to turn two cockd^ 
that ooe vessel of water being consumed, anothev 
be^s to force and refill widi cold water, and 
«« so successively, the fire being tended and kept 
*^ constant, which the self same person may like- 
*^ wise abundantly perform in the interim b^een 
^^ the necessity of turning the said cocks.*' 

But although the above description is a distinct 
and intelligible one, of the manner of aj)plying 
steam fbr[raising of water, yet no person, that I have 
heard of, attempted to erect a machine on these 
principles until the year 1699; when Captaiit 
Savary produced, the 14th of June in that year, a 
model which was wbrked before the Royal Society, 
at their weekly meeting at Gresham College. He 
afterwards published an account of this machine in 
the year 1702, in a work intitled The Miner's Friaid. 
In Savary's macbifte, the steam is used formaking 
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z vacuum in a vessel placed near to the wat^ ta be 
raised, and communicating with it by a pipe, which 
has a cock or valve adapted to it. This valve or 
cock being opened when there is a vacuum in the . 
vessel, the atmosphere pretfes the water into the 
vessel ; and when this is filled, the valve or cock ig 
shut; and steam being let into it, this presses on 
the surface of the water, and forces it upwards 
through a pipe adapted to the vessel for this pur« 
pose* 

The disadvantages attending this method of con< 
struction were so great, that Captain Savary never 
succeeded further, than in making some engines for 
the supply of gentlemen^s seats; but he did not suc- 
ceed for mines, or the supplying of towns with 
water. This discouragen^ent stopped the progress 
and improvement of the Steam Enrine, till Mr. New- 
comen, an Ironmonger, and John Ceudley, a Glazier 
at Dartmouth, about the year 171a, invented what is 
called the Lever or Newcbmen engine. • In this ma- 
chine, the steam is made to act in a cylinder distinct 
fix>m.the pumps, and is used merely tor the purpdse 
of making and unmaking a vacuum, in this manner, 
namely, there is a piston in the cylinder, fitted so 
nicely to it, that it can slide easily' up and down 
without the admission of any air, or other fluid, 
to pass between its edge and the cylinder. Thé 
steam is admitted below the piston, which, being of 
a strength equal to the atmosphere, brings it into a 
state of equilibrium, when the weight of the pump 
rods and volumes, of water, at the other end of the 
lever or balance, raises it up when the piston has 
- got to the top of the cylinder, a jet of cold water^is 
thrown amongst the steam, which condenses it, and 
forms a partial vacuum. The atmosphere thea 
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actiiig on die upper side of the jHston, forces it 
down, and raises the column of water at the other 
end of the be^ufn. 

No improvement on this principle took place for 
above half a century, except in the contruction of a 
variety of contrivances for the purpose of opening 
and shutting the different cocks and valves, necessary 
to admit die . steam into the cylinder, the water to 
condense it, to carry off the condensed steam, to 
make the piston more air tight, and in general to 
improve the various working parts of the engine. 

Machines of this kind have been constructed in a 
variety of places ; particularly in Great Britain, for 
the purpose of raising water from mines or for sup- 
plyhig towns, and for raising water to turn wheels. 
One of the largest of this kind is that which was 
con&ttacted by the late ingenious Mn Smeaton, for 
raising water to turn the wheels of the Blast Fur- 
nacas at Garron — the cylinder of this engine is 72 
inches diameter, and I believe it is reckoned the 
most perfect engine diat has been constructed on 
Newcomen^s prindple.^But although Mr. Smeaton 
spent much time in the improvements of these 
engines, and succeeded to a very considerable 
extent, yerthe manner of employing the steam in 
a cylinder where cold water is to be admitted, for 
the purpose of condensing it at each stroke, and the 
piston- and cylinder being exposed to the atmo« 
sphere, render it so impenect, that above one half 
of the power of the steam is lost by this construc- 
tion. And therefore, even with Mr. Smeaton's inge« 
nious improvements, the Steam Engine at that time 
was but a very imperfect machine, and by no means 
applicable to such â«variety of purposes as it is now 
in its^ improved state. 
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The iagemous Mr. James Wau of Glasgc^w^ pn^ 
cciying the great loss of steam which was, sustaiaedi 
in its use, in Newcomen's engine^ about %y(i8^ 
made a variety of experimems on this subj.ectt^ and 
in (770 obtained a patent for a new mode of apply»: 
ifig it ; in which the cylinder was made close both 
at ^bottom and top, and the tod which conniected 
tbe piston with the fever, was made to work through: 
a collar of hemp^ and callow, soc as to be perfectly 
air tight. The atmosphere being thus excluded 
from the cylinder, both the vacuum is made by the 
steam» and the piston is moved by it. Also the 
steam is not condensed by throwing eold water into 
the cylinder, but it is take nout by an air pump, and 
condoDised in a separate vessel ; and, in order t» 
keep the cylinder as hot as possible, it is surrounded 
with steam, and covered with nonp^xHiductmg sub*» 
stances* By this construction, the engine has been 
Hiade to perform at least double the effect, mth th^ 
tame quantity of fuel,, as the best engines on New- 
comen's construction. Mr. Watt obtained an exteiih 
sion of his patent right in the year 1775, by an act 
of parliament, for 25 years» and was joined by the 
ingenious Mr Boulton of Soho, near Birmingham ; 
since which, the same principle has still been fol- 
lowed ; but the working parts have undergone va^ 
rious modifications, by the joint abilities of these able 
mechanicians. The principle which was applied 
to the working of the pistoQ, only one way, that is^ 
by pushing it downwards, as the atmosphere did in 
Newcomen's engine, has also been applied to the 
forcing it up; by which means, engines, where 
cylinders are of a given diameter, are now made to 
perform double the effect. This has not only saved 
great expence in the original construction of the 
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mgausy. biife ha» em^bicd tb^m to be zpfHisd iu 
cases where immense power has been wanted^ and 
«dncb cottMnot b^irte bieeii periordaed at aU by them. 
on New co iiactt^s coils tructioa. By the same mode of 
a{^lying the steam:^ k can ficru^ necr only be used of 
the strength of the atmosphere^ but a6 much stronger 
as necesafy or convehieBce may require ; which is 
a stiU faiTthei! consolidation of the power. The Qe>m 
lenty also with' which the condensation of the steam» 
and' the discharging of the condensed stesmi and 
neater^ are performed, enables them to work quicker» 
and so to be applied to all kinds of mill work, 
which are used in the numerous manufactories of 
this country. Corn is ground by thjcm, cotton spun^ 
^Ik twiêted^ thé immense machinery used in the new 
manufactories are worked, and including every kind 
•f ndll work to wfeich waltf can be applied. They 
ane also used m the vaiious branches of the civil eo- 
gin&eft . Thus the water is taken from the founds^ 
tiom of Locks, Bridges^ Docks» &c. The piles 
«re driven for the fouùdaiions, as the mortar maau^ 
Ênctured for the building of the wfills ; earth taken 
from their canals ; and docks and works have been 
of late performed by their means» which could not 
hare been executed without them. 

They are also made so ^^ottable for some purposes» 
ÛtKt theyare even constructed on boats and carnages, 
to be moved horn one place to. another ; while in, 
cdiers they are made on a large and magmâcent 
Kale. Messrs. Boulton and Watt have made them 
from the power of one, to that of ^50 horses ; and 
by their late contrivances in the execution of their 
diflferent parts^ they are so manageable, that even a 
lad may attend and direct their operations ; and so 
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regular in thdr motions, that water itself cannot ber 
more so. 

The qnantity of fuel whkrh they consiune is com* 
paratively small, to the effect they produce*^— One 
Iwdhet of the best Newcastle coal applied to the 
working of an engine for pumping, will raise about 
3a million of pounds one foot high.^ ■ ■ B ut in these 
mgines, when the steam acts on the piston, both in 
its ascent and descent, the same quantity of fuel 
will not produce quite so great an effect, as there is 
m/oi so much time for performing the condensation^ 
CD which account the vacuum is not so complete. 



Of balloons, TELEGRAPHS, ^a 

THE latter part of the last century, among many 
ingenibus mechanical inventions, has produced the 
two remarkable ones relating to air balloons, and to 
tekgrap'hs, with other means of ctistant, quick or 
secret intelligence; concerning which a brief ac-; 
count may here be added i and first of Aerostation 
and Air Balloons. 

The fundamental principles of aerostation have 
been long and generally known, as well as specula* 
tions on the theory of it ; but the successful ap(>li- 
cation of them to pracdce seems to be altogether a 
modem discovery. These principles chiefly re? 
qiect the pressure and elasticity of the air, with its 
specific gravity, and that of the other bodies to be 
floated in it. Now any body that is specifically, or 
bulk for bulk, lighter than the atmosphere, is buoy- 
ed up by it, and ascends to such height where the 
air, by always diminishing in its density upward^^ 
becomes of the same specific gravity as the rising 
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body ; where thb body will float, and move aloiig 
with the wind or curreat of air, like clouds at thjt 
height. This body then is an aerostatic machin^ 
whatever its fona w nature may be ; such as an air- 
balloon^ the whole mass of which, including its 
covering and contents, with the weights annexe to 
it» is of less weight than the same bulk of air in 
which it rises. 

We know of no solid bodies however that arc 
light enough thus to ascend and float in the at- 
mosphere; and therd<)re recourse must be. had to 
some fluid or aeriform substance. Among these» 
that which is called inflammable air is the most 
proper for that purpose: it is v^ elastic^ and is 
sbc, eighty or ten times lights than common jar. 
So that, if a suflicient quantity of that kind of air 
be inclosed in any thii^ bag or covering, the weight 
of the. two jtc^ether will be less than the weight of 
the same bulk of common air : consequently this 
compound mass will rise in the atmosphere, tUI it 
attain the height at which the atmosphere is of the 
. same specific gravity as itself ; where it will remain 
or float with the current of air, as long as the in- 
. ^ammable gas does not too much escape through 
the pores of its covering. And this is an inflam- . 
mable-air balloon. 

Another way, is, to make use of common air 
rendered lighter, by heating it, instead of the in- 
flammable air» Heat rarefies and expands common 
air, and consequently lessens its specific gravity. 
So that, if the air, inclosed in any kind of a bag or 
covering, be heated, and thus dilated, to such a de- 
gree, that the excess of the weight of an equal vo- 
lume of common air, above the weight of the* heated 
w, be greater ^han the weight of the covering 
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anâîts irpi^iiâj^efi» die ^^le compound mass will 
«scend m tdhe aunospbere, tîti it arrive at a height 
inhere the atmosphere has the same specific gravi^ 
^with4t; where it' will remain till, by the coolmg and 
•condensation of -the închided «dr, the balloon ^ball 
•gtadttally contra<^, and descend again, indess'the 
Seat be renewed or -kept up. And this is a^beated- 
air balloon, which is also called a Montgodfier, afèer 
tbe name c^ its inventor. 

Varioufi schemes foraging up in the air, and pass- 
ing fhroug}iJc,^ha¥e^b6en devised and atten^ted, both 
<by âie.imdents and themoderns, on different prin- 
<iples, and wWh various success. -Of these attempts, 
-«ome have been oh mechanical principles, or by the 
^powers of mechanism j and such, it is conceived, 
^were the instances relat-ed of the flying pigeon 
n^e by Archytas, also the %kig eagle, and the 
"fly 1^ Regiomontanus, with ^maiy others, both 
aanodg the ancients and moderns. 

Other projects have been vainly formed, by at- 
-taching wings to ^ome part of the 'human body, to 
^bc «oved either by the bands or the feet, by means 
of mechanical powers ; so that striking the air with 
them, after the manner of the wings in a bird, the 
person might rise himself in the air, and transport 
himself through it, ia imitation of that animal. But 
'tiiese attempts belong rather to that species or prin- 
ciple -of motion called artificial flying, than to the 
subject of aerostation, which is properly the sailing 
or âoating in the air by means of a machine ren- 
dered specifically lighter than that element, in imita- 
tion of aqueous navigation, or the mailing on the 
water in a ship, or vessel, which is specifically 
Jtghcer than this element. 

T)&e4&rf t rational account to be found on record. 
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ibr this soFt c^ "sa^g, is perhaf» *chai df «mf carni* 
tiyman 'Roger 6acol^ ^o died in the 'year i%^a^ 
He not only lÉfErms diat<be art isfeaslble^ but assures 
U8 that :fae himself knew how to make a machine, 
in vi\ùdk a man sitting might be able to ccmvey 
lumaelf ^thfOBgh the air like a bird : and he £nther 
j^bms that âiere was another person who had 
tried it widi success. The secret it seems <:onsisted 
in a couple of large thin shells, or hollow globes, of 
copper, exhaust^ of air ; so fhat the whole being 
ihus Tendered Hghter than air, they would suppoit 
a "cbair, %i which a person mirht sit. 

%bop Wittdns too,nvho died in 1672, in seferal 
<£\m work&^ makes mendon of similar ideas being 
entertsdned by divert persons. ** It is a pretty 
notion to (his purpose, ^s he, (in his Discovery 
of a "New worid), mentioned by Albertus 4c 
Saxonia, ^mSi out of him by f^rancis Mendoza, thaft 
the air is in some part of it navigable* And that 
upon âiis static principle, any brass or iron vessel, 
-suppose a 'kettle, whose substance is much heavier 
than that of the water ; yet bdng filled widi the 
'ligheer air^ it will swim upon it, and not sink.'* 
And again, in his Dedalies, he aays, ^< ficaliger 
-conceives the framing of such volant automata to 
i>e very -easy. Those ancient motions we thought 
to be contrived by the force of some included air. 
As if there had been some kmp or other fire withia 
it, whidi mieht produce such a forcible rarefac- 
tion, as shouul give a motion to the whole frame.^ 
From whence it would seem that bishop Wilkkis 
had some confused notion of such a thing as ^ 
heated-air balloon. 

Again, lather Francisco Lana, in his Prodroma, 
printed tsk 1670, proposes the -same method with 
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that of Roger Bacon, as his own thought. He cdtU 
ddered that a hollow vessel, exhausted ^f air, would 
«reigh less than when filled with that fluid. He 
also reasoned that, as the capacity of spherical 
vessels increases much faster than their surface, the 
former increasing as the cube of the diameter, but 
the latter only as the square of the same, it i& there- 
fore possible to make a spherical vessel of any given 
matter and thickness, and of such a size as, when 
emptied of air, it will be lighter than an equal bulk 
of that air, and consequently that it will ascend in 
the atmosphere. After stating these principles, 
Either Lana computes that a round vessel of plate- 
brass, 14 feet in diameter, weighing 3 ounces the 
square foot, will only weigh 1 848 ounces ; whereas 
a quantity of air of the same bulk will weigh 2156 
ounces, allowing only one ounce to the cubic foot ; 
JO that the globe will not only ascend in the air, but 
will also carry up a weight of 308 ounces : and by 
increasing the bulk of the globe, without increasing 
the thiclmess of the metal, he adds, a vessel might 
be made to carry up a much greater weight» 

Such then were the speculations of ingenious 
men, and the gradual approaches towards this art. 
But one thing more was yet wanting : although in 
some degree acquainted with the weight of any 
quandty of air, considered as a detached substance, 
it seems they were not aware of its great elasticity, 
and the universal pressure of the atmosphere ; a 
pressure by which a globe, of the dimensions above 
described, and exhausted of its air, would imme- 
diately be crushed inwards, for want of the equiva- 
lent internal counter pressure, to be sought for in 
somcr element, much lighter than common air, and 
yet nearly of equal pressure or elasticity with it ; a 
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property and circumstance attending inflammablQ 
ras, and also common air when considerably 
leaced. 

It is evident then that the schemes of ingenious 
men hitherto must have gone no farther than mere 
speculation) otherwise they could never have re« 
corded fancies which, on the first attempt to be put 
in practice, must have manifested their own insufE- 
ciency^ by an immediate failure of success. For, 
instead of exhausting the vessel of air^ it must be 
filled either with common air heated, or •\vith some 
other equally elasdc but lighter air. So that on 
the whole it appears, that the art of traversing the 
atmosphere, is an invention of our own dme ; and 
the whole history of it is comprehended within a 
very short period, 

The rarefaction and expansion of air by heat, is 
a property of it that has been long known, not only 
to philosophers, but even to the vulgar. By this 
means it is, that the smoke Is continually carried up 
our chimneys ; and the effçct of heat upon air, is. 
made* very sensible by bringing a bladder, only 
partially filled with air, near a fir.e ; when the air 
presently expands with the heat, ahd distends the 
bladder so as almost to burst it. Indeed, so well 
are the common people acquainted with this efFectj^ 
that it is the constant pracdce of those who kick 
about blown bbdders, for foot balls, to bring them 
from time to time to the fire, to restore the spring 
of the air, and the distension of the ball, lost by 
the continual cooling and waste of that fluid. 

But the great levity, or rather small weight, of 
inflammable gas, is a very modem discovery, 
gamely within the last 30 or 40 years ) a discovery 
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chiefly owing to snr own countrymen, Mn Ca- 
vendish and Dr. Black, the latter of whom fre- 
quently mentioned also the feasibility of inclosing 
it in a very thin bag, so as that it might ascend 
into the atmosphere ; an idea wliich was first put 
in practice, on a very small scale, by Mr» Cavallo, 
another ingenious philosophef . 

It was however two brothers, of the name of 
Montgolfier, near the city of Lyons in Fr^ince, 
who, in the year 1782, first exhibited to the world 
what may properly be called air-balloons, of large 
dimensions, being silken bags of many feet in dia- 
meter, Tliese were on the principle of common 
air heated, by passing through a fire, made near 
the orifice or bottom of the balloon* This heated 
air and the smoke thus ascended straight up into 
the bag, smd gradually distended it, till it became 
quite full, and so much lighter than the atmosphere 
that the balloon rapidly ascended, and carried up 
other weights wiih it, to very great heights. After 
attaining its utmost height however, partly by the 
cooling of the included air, and partly by its -escape 
through the pores of the covering, the balloon gra* 
• duaHy descends very slowly, and comes at length 
to the ground, after being sometimes carried to 
great distances by the wind, or currents of air in 
the atmosphere. 

Other balloons were also soon made by the phi- 
losophers in France, and after them in other coun- 
tries ; namely, by filling the balloon case with in- 
flammable gas ; a more troublesom^e and expensive 
process, but of much better effect ; because, having 
only to guard against the waste of the fluid through 
the por^s, but not its cooling, these balloons con- 
tinue much longer in the air, sometimes for the space 
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of many haws, enabling the passengers to pass over 
large tracts of country. On one of these occasions, 
Mr. Blanchard» a noted operator, with a favourable 
wind, passed over from Dover to Calais, accam-i 
pani^ by another gentleman. 

Many other persons exhibited balloons, of largQ 
dimoisioQs, particularly in France and other parta 
of the continent, with various success. The people 
o£ that country have also successfully applied 
balloons to the examinatibn of the state of the 
higher regions of the atmosphere ; and also in their 
armies, to discover the dispositiona and operations 
of a^ enemy's position and camp. In England they 
have been less attended to, perhaps owing at first tq 
an unfortufitte prejudice, and an idea tnrown out, 
that they covildnot be turned to any useful purpose 
in life. 

A rqM'esentation of several different balloons, is 
exhibited in plate iq« 



TELEGRAPHS. 

A Telegraph is a machine lately brought into 
use by the French natiop, namely in the year i jg^ } 
being contrived to commu^cate words or signals, 
from one person to another, at a great dist^ce, 
and in a very short time. 

^ The object proposed is, to obtain an intelligible 
figurative language, to be distinguished at a div 
stance, to avoKl the obvious delay in the dispatch 
of orders or information by messengers. 

On fifst reflection we fmd the practical modes 
cf such distant communication must be confined to 

fewnd and vision» but dûefly the latter. £ach of 
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these is m a great degree afFeeted by the state of 
the atmosphere : as, independent of the wind's di- 
rection, the air is sometimes so far deprived of it 
elasticity, or whatever other quality the conveyance 
of sound depends on, that the heaviest ordnance is 
scarcely heard farther than the shot flies ; and, on 
the other hand, in thick hazy weather, the largest 
objects become quite obscured at a short distance. 
No instrument therefore, designed for the purpose, 
can be perfect. We can only endeavour to dimi- 
nish these defects as much as may be. 

* Some kind of distant signals must have been em- 
ployed from the earliest antiquity. It seems the 
•Romans had a method in their walled cities, either 
by a hollow formed in the masonry, or by tubes af- 
fixed to it, so to confine and augment sound, as to 
convey information to any part they wished ; and in 
lofty houses it is now sometimes the custom to have 
a pipe, by way of speaking trumpet, to give orders 
from the upper apartments to the lower : by this 
mode of confininer sound, its effect may be carried 
to a very great disraiice; but beyond a certain ex- 
tent the sound, lo>iiu; articulation, would only con- 
vey alarm, and nc)t give directions. 

Every city among the ancients had its watch- 
towers ; and the castra stativa of the Romans had 
always some spot, elevated either by art or nature, 
from whence signals were given to the troops, can- 
toned or Foraging in the neighbourhood. J3ut they 
had probably not arrived at greater refinement than 
that, on seeing a certain signal, they were imme- 
diately to repair to their appointed stations. 

A beacon, or bonfire made of the first inflamma- 
ble materials that offered, as the most obvious, is 
perhaps the most ançiçnt mode of general alarm, and 
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by being previously concerted, the number or point 
where the fires appeared might have its particular 
intelligence affixed. The same observations may be 
referred to the throwing up of rockets, whose num- 
ber or the point from whence thrown may have its 
affixed signification. 

Flags or ensigns, with their various devices, ar^ 
of earliest invention, especially at sea ; where, from 
the first idea^ which was probably that of a vane to 
shew the directipn of the wind, they have been 
long adopted as the distinguishing mark of nations, 
and are now so neatly combined by the ingenuity 
of a great naval commander, that by his system 
every requisite order and question is received and 
answered by the most distant ships of a fleet. 

To the adopting this, or a similar mode, in lai^d 
service, the following are objections : that in the 
latter case, the variety of matter necessary to be 
conveyed is so exceedingly great, that the combina- 
tions would become too complicated. And if the 
person for whom the information is intended should 
be in the direction of the wind, the flag would then 
present a straight line only, and at a little distance 
be invisible. The Romans. were so well aware of 
this inconvenience of flags, that many of their stan- 
dards were solid ; and the name manipulus denotes 
the rudest of their modes, which was a truss of 
hay fixed on a pole. 

The principle of water always keeping its own 
level has been suggested, as à possible mode of con- 
veying intelligence, by an ingenious gentleman, and 
put in practice on a small scale, with a very pleasing 
effect. As for example, suppose a leaden pipe to 
reach between too distant places, and to have a per- 
pendicular tube connected to each extremity. Then, 
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If the pipe be constantly filled with water to a eettain 
height, it will always rise to its level on the opposite 
end ; and if but one inch of Water be added at one 
extremity, it will almost instantly produce a similar 
elevation in the tube at the other end : so that by 
corresponding letters being adapted ' to the ver^ 
tical tubes, at different heights, intelligence may be 
quickly conveyed. But this method is liable to 
jBuch objections, that it is not likely it can ever be 
adopted to facilitate the object of very distant com- 
munication. 

Full as many^ if not greater objections, will per- 
haps operate against every mode of electricity being 
used as the vehicle of information. — And the requi- 
site magnitude of painted or illuminated letters, 
offers an insurmountable obstacle ; besides in them 
one pbject would be lost, that of the language being 
figurative. 

Another idea is perfectly numerical, which is to 
raise and depress a flag or curtain a certain number 
of times for each letter, according to a previously 
concerted system : as, suppose one elevation to 
mean A, two to mean B, and so on through the al- 
phabet. But in this case, the least inaccuracy in 
giving or noting the number, changes the letters ; 
and besides, the last letters of the alphabet would be 
a tedious operation. 

Another method that has been proposed, is an in- 
genious combination of the magnetical experiment 
of Comus, and the telescopic micrometer. Butas this 
IS only an imperfect idea of Mr Garnet's very inge- 
nious machine, described below, no farther notice 
need be taken of it here. 

Mr Garnet's contrivance, is merely a bar or plank, 
turning on a centre like the arm of a windmill j which 
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t>e!ng mOTed into any position, an observer or cor- 
respondent at a distance turns the tube of a tele- 
scope round its^ axis, into the same po^don, by 
bringing a fixed wire within it to coincide >nth, or 
become parallel to, the bar, which is a thing cx- 
esctremely easy to do. The centre of motion of the 
bar has a small circle fixed on it, with letters and 
figures around the circumference, and a moveable 
index turning together with the bar, pointing to, 
. any lette? or mark the operator may w ish to set the 
bar to J or to communicace to the observer. The eye 
end of the telescope has a like index and circle fixed 
pn the outside of it with the cprresponding letters 
or other marks. The consequence is obvious ; the 
telescope being turned round its axis, till its wire 
cover, or become parallel to the bar, the index of 
the former necessarily points out the same letter or 
mark on its circle as that of the latter, and the com- 
munication of sentiment is immediate and perfect. 
The use of this machine is so easv« that we have 
seen it put into the hands of two common labouring 
men, who had never seen it before, when they have 
immediately held a quick and distant conversation 
together. 

Fig. I pi. 20 represents the principal parts of this 
telescope : A B D E is the telegraph or bar, having 
on the centre of gravity C, about which it turns, a 
fixed pin, going through a hole or socket in the 
firm upright post G, ajud on the opposite side is 
fixed an index C I. Concentric to C, on the same 
post, is fixed a brass circle, of 6 or 8 inches diame- 
ter, divided into 48 equal parts, 24 of which repre- 
sent the letters of the alphabet, and in the other 24, 
between the letters, are numbers. So that the index, 
by means of the arm A B, may be set or moved to 
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any letter or number. The length of the ârift of 
bar should be 2 i or 3 feet for every mile of di* 
stance. Two revolving lamps of different coloured 
suspended occasionally at A and B, the ends of the 
arm, would serve equally at night. 

Let X X (fig. 2 pi. 20) represent a transverse sec- 
tion of the outward tube of a telescope, and x x the 
like section of the sliding or adjusting tube, on 
\vhich is fixed an index 1 1. On the part of the 
outward tube next to the observer, is fixed a circle 
of letters and numbers, similarly divided and situ- 
ated as. the former circle in fig. i ; so that the 
index I I, by means of the sliding or adjusting 
tube, taiay be turned to any letter or number. Now 
thefe being a hair, or fine silver wire, / ^, fixed 
in the focus of the eye-glass; when the arm 
A B of thç teleg;raph is viewed at a distance through 
the telescope, the hair may be turned, by means of 
the sliding tube, to the same position as the arm 
A B ; then the index I I (fig. 2) will point to 
the same letter or number on its own circle, as 
the index I (fig. i) points to on the telegraphic 
circle. 

If, instead of using the letters and numbers to 
form words at length, they be used as signals, three 
motions of the arm will give a hundred thousand 
different signals. 

But a telegraph, combined with a telescope, it 
Seems was originally the invention of M. Amon- 
tons, an ingenious French philosopher, about the 
middle of the 1 7th century ; when he pointed out a 
method TO acquaint people at a great distance, 
and in a very little time, with whatever we please. 
This method was as follows : Let persons be placed 
h\ several stations, at such distances from each other, 



thât, by the help of a telescope, a man in one stan^ 
tion may see a signal made by the next before himj 
this person immediately repeats the same signal to 
the third man; and this again to a fourth, and 
so on through all the stations, to the last. 

This, with considerable improvements, it seems 
has . lately been brought into use by the French» 
and called a Telegraph. It is said they have availed 
themselves of this contrivance to good purpose, in 
the late war ; which has induced the English also 
to employ a like instrument, in a different form. 

The new invented telegraphic language of signals^ 
says a French author, is an artful contrivance to 
transmit thoughts, in a peculiar way, from one dU 
stance to another, by means of macnines, which arc 
placed at different distances, of from 12 to 15 miles 
each, so that the expression reaches a very distant 
place in the space of a few minutes. The only thing 
which can interrupt their effects is, if the weather 
be so bad and turbid, that the objects and signals 
cannot be distinguished. By this, invention, remote* 
Hess and distance almost disappear; and all the 
communications of correspondence are effected with 
tke rapidity of the twinkling of an eye. The great- 
est advantage which can be derived from this cor- 
respondence, is that, if we choose, its object shall 
be known to certain individuals only, or to one 
individual alone, or to the extremities of any du 
stance. 

Fig. 3 pi. 20 represents the form of the French 
Telegraph. A A is a beam or mast of wood, placed 
upright on a rising ground, and is 1 5 or 16 feet 
high. B B is a, beam or balance, moving on the 
centre A A. This balance beam may be placed 
ver^cally, or horizontally, or any how inclined, by 
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means of strong cords, which are fixed to the 
wheel D> on the edge of which is a double groove; 
to receive the two cords» This balance is 1 1 or 12 
feet long, and 9 inches broad, having at the end two 
bars C C, which likewise turn on the angles by means 
of four other cords passing through the axis of the 
inain balance» The pieces C are each about 3 feet 
long, and may be turned and placed either to thé 
right or left, straight or square with the balance beam. 
By means of these three, the combination of move- 
ments is said to be very extensive, remarkably sim« 
pie, and easy to perform. Below is a small wooden 
hut, in which a person is employed to attend the 
movements of the machine. In the mountain nearest 
to this, another person is to repeat these move« 
meats, and a third to write them down. The signs 
are sometimes made in words, and sometimes in 
letters ; when in words, a small flag is hoisted ; and, 
as the alphabet may be changed at pleasure, it is 
©oly the corresponding person who knows the 
meaning of the signs» The alphabet, as well as 
the numbers to 10, are exhibited in the middle of 
fig. 3, annexed to the different forms and posi^ 
tions into which the bars of the machine may be 
put. 

Many improvements and additional contrivances 
have been since made in England. The following 
one is by the Rev. J. Gamble. The principle of it 
is simply that of a Venetian window-blind, or rather 
what are called the lever boards of a brewhouse, 
which when horizontal, present so small a surface 
to the distant observer, as to be lost to his view, 
but are capable of being in an instant changed into 
a screen of a magnitude adapted to the required du 
stance of vision. A E B D F C (fig. 4 pi. 20) is a 



tttm upright frattie^ supporting nine lever boards, 
working on centres in B £ and D F, and opening 
in three divisions by iroiji rods. And abed, efgb 
are two leaser frames, fixed to the great one, having 
^so three tever boards in each, and moving by iroa 
rods, in the same manner as the others. If all these 
rods be brought so near the ground, as to be in 
the management of the operator, he will then have 
five keys to play on. Now as each of the handles 
i klmn commands three lever boards, by raising 
any one of them, and fixing it in its place by a 
catch or hook^it will give a different appearance in 
the machine \ and by the proper variation of these 
five movements, there will be more than 25 of 
what may be called mutations, in each of which the 
machine exhibits a different appearance, and to 
which any letter or figure may be annexed at 
pleasure. 

Should it be required to give intelligence in more 
than one direction, the whole machine may be 
easily made to turn to different points, on a strong 
centre, afi:er the manner of a single post windmill. 
— To use this machine by night, another frame 
must be connected with the back part of the Telo^ 
graph, for raising five lamps, of different colours, 
behind the openings of the lever boards ; these 
lamps by night answering for the openings by 
day. 

Fig* 5 pl- ^<5j represents a front view of the 
lactst form of the Telegraph, now employed by the 
EngUsh government, by which a signal is conveyed 
between London and Deal, being 72 miles, by 
repetition, in three minutes. The corresponding 
boards forming a scale for the alphabet, and for 
numbering^ is annexed in the engraving. 
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seen one, invented by him for driving pîles, 
ixrhich acts by a motion always in the same 
direction, wiihout being obliged to stop or 
to retrograde, in order to raise up again the 
weight. Nothing, in our opinion, can be so inge- 
nious as the method in which, after the fall of the 
weight or ramnier, the hook, that serves to raise it 
again, lays hold of it, and by which the cable 
lengthens itself in order to reach lower and lower 
in proportion as the pile sinks deeper. If this 
mode of const mction be compared with those 
hitherto employed, no one can refuse to give it the 
preference. 

There is also the Collection, in 6 vols. 4to, of 
Machines and Inventfons approved by the Royal 
Academy of Sciences, containing the engravings 
and descriptions of a great multitude of machines. 
In English too we have Desaguliers's C'ourse of 
Experimental Philosophy, in 2 vols. 4to. also Emer- 
son's Mechanics, both containing the figures and 
descriptions of many curious and useful machines, 
Bçside3 some others, of less note, 
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A TABLE 

(y ibe Speckle Gravities of differtnt bodies^ ibêt jf 
rmn or distilled water bein^ supposed i ooo. 



METAJLS» 



Cold. 



> 

Pure gold of 24 carats, melted but 

not nammered 
The same hammered 
Gold, of the Parisian standard, 22 

carats fine, not hammered * 
The same hammered • 
Gold of the standard of French coin 

2144 carats fine, not hammered 
The same coined . 
Gold of the French trinket standard 

%o carats fine, not hammered 
The same hammered 

Silver. 

Pure or virgin silver, 12 deniers 
fine, not hammered . , 

The same hammered , , . 

Silver of theParis standard, 1 1 deniers 
I o grains fine, not hammered t . 

The same hammered . . 

• This is the same as sterling gold. 
t This is 10 grs. finer than stctUog. 



Spedfic 
Gravity. 

19362 

17486 
17589 

1740? 
17647 

15709 



10474 
105 1 1 

10175 
10377 
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Silver, standard of the French coin 
ID deniers 21 grains fine, not ham- 
mered • • • • • 

The same coined 

Platina. 



10048 
10408 



Crude platina, in grains 
Purified platina, not hammered 
The same hammered 
The same drawn into wire 
The same rolled . '. 

Copper and Brass. 



Copper, not hammered 
The same wire-drawn . 
Brass, not hammered . 
The same wire-drawn . 
Common cast brass 

Iron and SteeL 



1560a 
19500 
20337 

21042 
32069 



7788 

8879 
8395 

8544 
7824 



Cast iron . ... 
Bar iron, either hardened or not 
Steel, neither tempered nor hardened 
Steel hardened under the hammer, 
but not tempered . . , 
Steel tempered and hardened 
Steel tempered and not hardened • 

% 

m 

Other Metals. 



7207 
7788 

7833 

7840 
7S18 
7816 



Pure tin from Cornwall, melted and 
not hardened .... 



7*91 



^ 
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The same hardened 

Malacca tin, not hardened 

The same hardened 

Molten lead 

Molten zinc 

Molten bismuth • 

Molten cobalt 

Molten arsenic 

Molten nikel 

Molten antimony 

Crude antimony • 

Glass of antimony 

Molybdena 

Tungsten 

Mercury 

Uranium 



7^90 
7296 

7307 
1 1352 

7191 

9823 

7812 

57^3 
7807 

6702 

4064 

4946 

4739 
6067 

13568 

6440 



PRECIOUS STONES. 



White oriental diamond 
Rose coloured ditto 
Oriental ruby 
Spinell ditto 
Hallas ditto 
Brasilian ditto 
Oriental topaze 
Saxon ditto 
Oriental sapphire 
Brasilian ditto 
Girasol 

Jargon of Ceylon 
Hyacinth 
Vermilion , 
Bohemian garnet 
Syrian ditto 



3521 

3531 
4283 

3760 

3646 

3531 
4011 

3564 
3994 

3131 

4CO0 

4416 
3687 
4230 
4189 
40OQ 



X 
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Volcanic. 4itto with 24 sides • 
Peruvian querald n 

Chrysolite of the Jewellers . 
Brasilian ditto • < v 
Beryl or oriental aqua-marine 
Occidental ditto • , 



2469 
2776 

2692 

3549 
^723 



SILICEOUS STONES. 

Pure rock crystal of Madagascar 

Ditto of Europe . 

Crystallized quartz 

Oriental agate 

Agate ony^B 

Transparent calcedony 

Camelian . 

Sardonyx 

Prasium 

Onyx pebble 

White Jade 

Green ditto 

Red Jasper . , 

Brown ditto 

Yellow ditto 

Violet ditto 

Grey ditto 

Black prismatic bexaedral schorl 

Black amorphous schorl» called an 

tique basaltes 
Paving stone 
Orind-stone 
Cutler's stone 
Mill-stone « 

vo^. II. M 



2653 

259^ 
2638 

2664 

»6l4 
2603 

2581 
2664 
2950 
2966 
2665 
2691 
2710 
2711 
2764 
3385 

29a, 
«41" 
2143 
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srscivie 



White flint . . 

Blackish ditto • • « 

VARIOUS 8TOKE«9 &fr. 

Opake green Italian serpentine 

Coarse Briançon chalk • 

Spanish chalk 

Muscovy talc 

Common schist or slate 

New slate . 

White razor hone 

Black and White ditto • 

Icelandic crystal . 

Pyramidal calcareous spar 

Oriental or white antique alabaster 

Green Campanian marble 

Red ditto . » 

White Casara marble 

White Parian iparble 

Ponderous spar . 

White fluor 

Red ditto • 

Green ditto 

Blue ditto • 

Violet fluor 

Red porphyry 

Red Egyptian granite 

Pumice stone 

Obsidian stone 

liasaltes from the Giants causway 

Touch-stone 

Bottle glass . 

Green glass . 

White glass • 



«594 

2Sl2 



«430 
2727 
2790 
2792 
2672 
2854 
2876 

2730 
2714 
2742 
2724 
2717 
al3B 

3^56 

3191 
318^ 

3169 

3176 

2765 

2654 

9«5 

2348 

2864 
2415 

«733 
2642 

2892 



> 



« 
é 

# 



tj&th crystal 

Flint glas^ . 
Seves porcelain 
China dittp 
Kative Sulphur 
Melted ditto 
Phosphoriis 
Hard peat # 
Ambergri^ • • • 
Yellow transparent »mber 

LK^OflSi. 



Pistilled v^tet 

Rain water * 

Sea watet * ♦ 

Burgundy wine » 

Malmsey Madeira 

Cyder 

Red beer • # 

White ditto 

Highly rectified alcohol 

Common spirit of ivine 

Sulphuric ethet « 

Nitric ditto • 

Muriatic ditto 

Acetic ditto * • • 

Highly cQRcentfated sulphuric acid 

Coaunon sulphuric ?cid 

Highly concentrated nitric acid 

Common nitric acid 



t$f 



3329 

^385 
^033 

1329 

926 

1078 



IÇ00 

tooo 

ipa^ 

99a 

IP3« 
ipi8 

>034 

829 

837 

739 
909 

730 
866 

ai25 

1841 



* Sea watejr di^feifs in weight, accor4iog to tne cHnate» 
It is bçavier in the torrid zone, and at a dist^niçe ftoaf 
thç coiwts, than in the mnthem seas, and near Ug4* 
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Muriatic acid 
Fluoric ditto , 
Red acetous ditto 
White acetous ditto 
Disdlled ditto ditto 
Acetic ditto . . 

Formic ditto 
Solution of caustic ammonia^ 

latile alkali fluor 
Essential oil of turpentine 
Liquid turpentine 
Volatile oil of lavender 
Volatile oil of cloves . 
Volatile oil of cinnamon 
Oil of olives 

Oil of sweet almonds • 
Linseed oil • 
Whale oil . 
Woman's milk 
Cow's milk . 
Mare's milk . 
Ass milk 
Goat's milk 
Ewe milk 



or vo- 



1194 
150b 
1025 
1014 

lOIO 

1063 
994 

897 

870 
991 

894 
1036 
1044 

917 
940 

923 

1020 

1032 

1036 

1034 
1041 
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Common yellow resin 
Mastic 
*Storax 
•Opake copal 
Madagascar ditto 
Chinese ditto 
Elemi 
Labdahum • 



1073 
1074 
mo 
1 140 
1060 
1063 
1018 
jx85 



ORAVITI£8, 




I 


Dragon's blood , • . . 1205 


Gum lac • . 






i»39 


Gum elastic 






934 


Camphor • 


1 




989 


Gum ammoniac • 







1 207 


Gamboge • 


• 




1222 


Myrrh 




' 


1360 


Galbanum • 






I2I2 


Assafoedda , 






1328 


Gum arabic 




. 


i45« 


Tragacanth • 






1316 


Terra Japonica 


p 




1398 


Socotrine aloes 




9 


1380 


Opium 


t 


1 


^n? 


Indigo . ^ 


» < 


■ 4 


769 


Yellow wax • 


t t 


( 1 


. ■ 965. 


White ditto . 


► 4 


» 4 


969 


Spermaceti . 


f • i 


1 i 


943 


Beef fat . 


» i 


1 4 


92J 


Veal fat 


» t 


» 1 


934 


Mutton fat • 


t M 


» 1 


924 


Tallow • 


> I 


f « 


942 


Hog's fat . . . 


« 


« 


937 


Lard • • • « 


t 


fl 


948 


Butter • . • , 


942 


WOODS. 


• • 

Heart of Oak 60 years old • • 1 1 70 


Cork 




240 


FJm plaunk • 






671 


Ash ditto • <. 






845 


Beech . ^ 






852 


Alder 


• 




800 


Walnut . . 






671 
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WiHôw 






58f 


Maie fir , • • 


^ 


f 


55° 


Female ditto 




f 


498 


Pbplar • , , 


i 


1 « 


38^ 


White Spaaish ditto ^ 




4 


5»9 


Apple tree • 




* 9 


795 


Péaî tree « 




» « 


661 


Qdoce tree 
Mêdbr 




» 4 


705 




» « 


944 


Plum tree • 




I 4 


785 


Cherry tree 




» < 


715 


fitbcst tree • 




» i 


6od 


French box • 




* t 


91a 


Diifch ditto 




t t 


i3»8 


Dutch yew . , 




> i 


7M 


Sp^ih ditto 




» n 


807 


Spanish cypress * 




» ( 


644 


American cedar ^ 




• 1 


Sat 


Spanish Mulberry tree < 




» « 


897 


Pomegranate tree 




« 


«354 


Lignum vitae , 




• 


1333 


Oriqge tree , 


• 


t < 


70J 



Notty We may here observe, that the numbers 
In the above table, express nearly the absolute 
weight of an English cubic foot^ pf each substjmcc, 
V[i aver(lupois oupçes, 



TAB&X OP WZXOHTS. . 1(1 



« • "■ 



TABLE OF. WEIGHTS, 

êoth aficteûi anli moderùi as corûpared iûiih the Ët^ 
lisb Troy pounds which contains 1 1 ôuncâs, of 5760 
graihr^ 

As we gave, at the end* of^ that part whkh relates 
to Geometry, a comparadve table of the principal 
longitudinal measures, we thihk it our duty to give 
here a similar table of the ancient Hebrew, Greek, 
and Roman weights; and also of the modem weights, 
of different countries^ particularly in Europe, as com- 
pared with the English 'fréf pottnd. 

ANCIENT WEIGHTS. 

Hebrew Weights. 

Grs. Tcoy. Hb; ot; dwt. gH. 

The obolus csffled 

Jerah • « . • io*&6 . 6 6 o io^64 

f shekel or beki 163*37 . 064 ^37 

Shekel • • • . 206*74 • 008 1474 

Minaormàndi . 12453*67 . a i 18 21*67 

Talept or dear 622683*6 • 108 i 5 3*6 

• 

Attic Greek Weights*. 

Grs. Troy. lib. oz. dwt. gn. 

Chaîcus . , . , . -82 . o o o ^0^82 
Obolus • . . * . 8*20 • 000 8*2o 

* It may be jpTo}>er here to t)b$erve) Aat these we^hts 
were sijt the same tune money. 
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Grs.Troy. lib. 02. dwt. gb» 

btiachma • . ^ 5K89 . 002 3*89 
tXdrachma ... 10378 . - 6 o 4 778 
Tetradrachma • • 207*56 . 00 8 15*56 
Lesser mxiia of 75 * 

drachms . . 389177 ^ o 8 4 377 
Oreater mina^ of 

LOO drachms . 5189*03 • o 10 16 5*03 
Lesser talent of 60 

lesser mmae 233506*20 .40 6 9 10*20 
Greater talent of 

60 greatermîn2C3i 1341*8 • 54 o 12 13*8 

Roman Weights. 

Grs.Troy, lib. oz. dwrt. grs. 

*rhe denarius • % 5^*89 . 002 3*89 
Ounce, equal to 

12 denarii . .415*12 .' o o 17 7*12 
As or pound, equal 

to 1 2 ounces . 498i'*44 . o 10 7 13*44 
Another pound of 

10 ounces . 4i5i'2 • o 8 12 232 

The lesser talent 233506*20 . 40 6 9 10*20 

Thegreatertalent 3ii34i'8 . 54 0.12 13*8 

The above tables are taken from a work by M. 
Christian!, entitled^ Delle Mifure d^ogni genere^ an^ 
tiche è moderne, &c. ; printed in qUârto, at Venice, 
in the year 1760- As this is an obscure subject, 
and as some difference prevails among the learned 
in regard to the value of the ancient weights, the 
translator has added the following tables from Af- 
buthnot, in order to render this article more com- 
pletev 
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yewhh wétghu reduced to En^ish Troy weight. 



The shekel • 



Hb. oz. dwr. gr« 
• »»»• 0092^ 

Maneh ..••%.% 236 lof 

Talent . . . . . . . 113 10 i xo^ 



The mofl ancient Grecian weights^ reduced to English 

Troy weight. 

Jib. o2. dwt. gr, . 

Drachma 006 2I4. 

Mma I I o 444 

Talent • . ^ . • . • 65 o 12 5^ 



Less ancient Grecian and Roman weights r^uced io 

English Troy weight. 



Lentes . ^ . 

Siliquae • • . 

Obolus • . • 
Scriptulum 

Drachma . • 

Sextula • . 

Sicilicus • « 

Duella ^ • . 

tJncia . •. . 

Libra • • • 



lib. oz. dwt. gf. 

000 



o 
o 
o 
o 
o 
o 
o 
b 



o 
o 
o 
o 
o 
o 

O 

o 18 



6 i8t2ç. 
2 6^ 



3 o^ 

4 »3 T 
6 I ^ 

5f 



10 18 13 f 



The Roman ounce is the English avoirdupmk 
ounce, which they divided into 7 denarii, as weu as 
S drachms : and since they reckoned thdr denarius 
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equal to the Attic drachm, this will make the Attic 
weights 4 heavier thskn the çbrrespoïKlerit Roman 
weights. 

We shall here observe, that the Greeks divided 
their obolus into chalci and lepta : thus, tHbdorus 
and. Suidas divide the obolus iato 6 chalci, and every 
chftlcus into 7 lepta : others divided the obolus into 
S chaki, and every chalcus into 8 lepta» or minuta. 

The greater Attic "weights, reduced to English Troy 

weight. 

lib, oz, dwt. gfs. 

Libra or pound . • , . • o 10 18 134. 
Common Attic mina •••on 7 i6f 
Another mina used in medicine i 21110^ 
The common Attic talent • . 56 11 017.^ 

It is here to be rematlced, th^ there was another 
Attic talent, said by some to consist of 3o, and by 
others of 100 minae. Every mina contains 100 
draehmar, and every talent 60 minœ ; but the ta^ 
lents diflfer in weight, according to the (h'tferen( 
standard of the drachmae and minae of which they 
are composed. The value of different mittaè and 
talents, in English Troy weight, is exhibited iix thç 
following tables : 

TûMe (f different inina^ 

Hb* oz. dwt. grS| 

Egyptian mina ....156 2a||- 
Arttîôchic ..^...156 122^ 
ftoiemaic of Cleopatrb • . i 6 14 16^ 
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T(ibk of (liferent Talents. 



Egyptian • • , . 
Antiochic • . . • 
Ptolemaic of Cleopatra 
Alexandrian • • • 
Of the Islands • • . « 
Antiochian • • • • 



lib. 
86 
86 

93 
104 

130 
390 



oz. dwt. grst 

8 16 8 

8 16 

II II 

19 

1 4 
3 13 



8 
o 

'4 
II 



« 

)Sio(tern weights of the principal countries in the vwrld^ 

md particularly in Europe. 



Grs. Troy, 

Aleppo^ the pound, 

callen rotolo . 30984-86 
Alexandria in Egypt 615874 
Alicanc • • 
Amsterdam . 
Antwerp, and the 

Netherlands 



Avignon 
fiasle • 
Bayonne 

Bergamo 

Berghen . 
Berne • • 
Bilboa 
Bois-le-Duc 



fiourdeaux, see Bayonne. 



Bourg 

Brescia 

Cadiz 

China (the kin) 

Çok)gne • « . 



6908-58 
746071 



7048-15 
6216*99 

7460-71 
4663*97 
11659-52 

7833*i7 
67i2r53 

7460-71 

7105-48 



44g6*6i 
7038-21 
9202-93 
722034 



lib. 02. dMTt. gr# 



4 II 0*86 

16 1474 

1 7 20-58 
3 10 20-7» 



2 
O 

4 

3 

9 

o 

4 

2 

3 

2 



IS 

19 
I 

16 

14 

5 
6 

o 

10 

16 



2 14 

9 7 

2 13 

7 4 

3 o 



4-15 
095 

9-3» 

2071 

797 

Ï9-5* 
9-17 

^•53 

2071 

I 48 

'7 57 
8*5 1 

6:11 

6*93 
2o'34 
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Constantinople 

Copenhagen 

Pamascas 

Dantzic 

Dublin 

Florence 

Genoa 

Geneva 
Hamburgh 
Konigsberg 
Ideghom 
Leyden 
liege . ' 
IJlle . < 
Lisbon « . 
Xucca « . 



Grs. Troy. 

7578-03 

6940-58 

25612-88 

6573-86 

77741 1 
5286-65 
4426-05 
6637-85 
8407-45 
7314-68 
5968-41 

5M5'54 
7038-21 

7089-07 

^544*33 
7005-39 

5272-71 



lib. oz. 



Lyons P^^'^ ^^Sht 6946-32 



Madrid 



Town weight 643 1 -93 



Malo St. see Bayonne. 
Marseilles . ^ • 



Mechlinjk see Antwerp. 



6544-33 
604 1 '42 



Melun 
Messina • • . 
Montpellier « • 
Namur . * . 
Nancy .... 
Nantes, see Bayonne. 
JN'aples . . . 
Nuremberg . . 
Paris .... 
Pisa, 1^^ Florence. 
Revel ..... 
Riga • • . • 



4440-82 
4S44-46 
6217-81 

7^74-39 
7038-2.1 

495 1 '93 
7870-91 

7560-80 

6573 86 
6148-89 



r 
I 

4 
r 

I 



I 
i 
I 
I 



o 
o 
I 
I 
I 

o 
I 
I 

i 
I 



3 
2 

5 
I 

3 



O II 

o 9 



I 

5 

3 
o 



dwt. grs. 
15 18-03 

458 
4-8» 

21-86 

i8*n 

10-05 
5-85 



9 

7 

13 

19 

o 

4 
16 



10 

1 2 

I 2 

I I 

I 2 

O lO 

I a 
I I 
I I 



10 

4 
8 

'3 

IS 
12 

II 

19 

9 

7 
12 



18 
i6-4r 

9^54 
6-21 

9*oy 

16-33 

21-39 

16-71 

iQ-32 

23*93 
16-33 



I on 17-42 



9 5 0*82 

10 I 20-46 

o 19 1-&1 

2 18 22-39 

2 13 6-21 



10 6 7-93 
4 7 22-91 

3 IS 



0-8 



I 13 21-86 
o 16 4-89 



Rouen • 

Saragosisa 

Seville . 

Smyrna 

Stettin • 

Stockholm 

Strasburg 
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Grs. Troy. Hb. oz. Hwl. gts. 

Rome .... 525712 «^ o 10 19 i*ia 

• 7771-64 -143 19^4 

• 470745 '• o 9 16 3-45 

7038*21 . I 2 13 6*!H 

• 6544-33 .1 1 12 16-3 J 

6782-24 « I 2 2 1424 

. 9211-45 .173 19-45 

. 7^76-94 -133 .4'94 
Toulouse, and upper 

Languedoc . 6322'82 . i i 3 10*82 
Turin and Piedmont, 

in general . . 4939*62 . o 10 5 19*6» 
Tunis and Tripoli, in 

Barbary • • 7139.94 • i 2 17 ii'94 

Venice Passer pound 42 15-21 . o 8 15 15-21 

i greater do. 6826-54 .124 10*54 

Verona . . . 5374*44 • o 11 3 22*44 

•P Cless. pound 4676-28 . o 9 14 20-^28 

^*^^"^^i greater do. 6879-05 .126 15-05 

To reduce any of the weights in the preceding 
table to English averdupois pounds, nothing will be 
necessary but to divide the grains Troy, in the first 
column, by 7000. 

FRENCH WEIGHTS. 

The Paris pound, poids de mark of Charlemagne, 
contains 9216 Paris grains : it is divided into 16 
ounces, each ounce into 8 gros, and each gros into 
72 grains*. It is equal to 7561 English Troy grains* 

The English Troy pound, of 12 ounces, con» 

* Sometimes the gros is divided into 3 deniers^ and eadi 
denier into 24 grains. 
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tains 5760 English grains, and is equal to 70^1 
Paris grams. 

, The English averdupois pound, of 16 ounces^ 
contains 7000 English Troy grains ; and is equal to 
8538 Paris grains. 

NSW FRCKCK WElOHTA. 



Eng, Troy grains. 

Milligramme • < '01544 

Ccnugramme .•.....••. '15445 

Decigramme . • . 1*54457 

gramme i5*44S79 

Decagramme ^54'4579j 

Hectogramme ' 544*57938 

Chiliogramme « 1544579386 

l^fyriagramme i54457'9386o 

A decagramme is 6 dwts. 10*45 B^^* I'roy, or 
% drs. I scr. 14*45 grs. apqth. weighty or 5*648 
^nuQQ^ averdupois. ' 

A hectogramme is 3 oz. 8*48 drs. averdup. 

A chiliogramme is 2 lbs. 3 oz. 4*87 dvs. aver. 

. A myriagramme is 22 lbs. i oz. 073 drs. aver# 
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PART FOURTH. 



Containing many curious Problems in Offi^. • 

X H £ properdes of light, and the phenomeua of 
vision, form the object of that part of the mixed 
mathematics, called optics ; which is commonly divid- 
ed into four branches, viz, direct optics, or vision, 
catoptrics, dioptrics, and perspective. 

Light indeed may reach the eye three ways : 
either directly ; or after having been reffected, or 
after having beçn réfractée)»* Cqnsidered under the 
first point of view, it gives rise to the first branch of 
optics, called direct optics, or vision ; in which is 
^plained every thing that relates to the direct pro* 
pagation of light, or t>y a straight line from the ob« 
ject to the eye, with the planner in which objects are 
perceived, &c. 
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Catoptrics treat of the eflfects of reflected Bghf, 
and the phenomena produced by the reflection of 
light from surfaces of different forms ; plane*^ con-* 
cave, convex^ &c. 

When light, by passing through transparent bo- 
dies, is turned aside from its direct course, which i$ 
called refraction, it becomes the object of dioptrics. 
It is this branch of optics that explains the effects of 
refracting telescopes, and of microscopes* 

Perspective ought to form a part of direct optics, 
as it is merely a solution of the different cases of the 
following problem :. On a given surface to trace out 
the image of an object in such a manner, that it shall 
make on the eye, when placed in a proper station, 
the same impression as the object itself— a problem 
urely geometrical, and in which nothing is required 
ut to determine, on a plane given in position, the 
points where it is intersected by straight lines dravm 
to the eye from every point of the object, Conse- 
quently, the only thing here borrowed from optics, 
is the principle of the rectitude of the rays of light, 
as long as they pass through the same medium : the 
rest is pure geometry. 

Without confining ourselves to any other order 
than that of method, we shall now take a view of 
the most curious problems and phenomena in this 
interesting part of the mathematics. 

On the nature of li^hU 

Before we enter into any details respecting 
optics, we cannot help saying a few words on the 
nature and properties of light in general* 



I 
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ï^hilosophers are still divided, and in all proba*^ 
bility will be so for a long time to come, in regard 
to the nature of light. Some are of opinion, that 
it is produced by an extremely fine and elastic fluid, 
in consequence of an undulatory motion communi- 
cated to it by the vibrations of luminous bodies, and 
which is propagated circularly to immense distances, 
and with an inconceivable rapidity» Light, accord- 
ing to this hypothesis, is entirely analogous to sound, 
which, as is well known, consists in a similar undu* 
lation of the air» the vehicle of it. Several very 
specious reasons give to this opinion a considerable 
degree of probability, notwithstanding some phy- 
sical difficulties which it is not easy to obviate. 

According to Newton, light is produced froiii lu- 
minous bodies by the emission of particles highly 
rarefied, and projected with prodigious velocity; The 
physical difficulties ii^hich militate against the former 
opinion, seem to serve as proofs of die present one ; 
for the nature and propagation of light can be con- 
ceived only in these two ways. 

But, whatever may be thé nature of light, it is 
proved that it moves with astonishing velocity, since 
it is well known that it employs only seven or eight 
minutes in passing from the sun to the earth ; and 
as the distance of the sun from the eairth, according 
to the best observations, is 24cxx> semi-diameters of 
the latter, or about gs millions of miles, light moves 
at the rate of about two hundred thousand miles per 
secopd : at whkh rate it goes from the earth to the 
moon, and returns from the moon to the earth, ia 
less than three seconds. 

The principal properdes of light, or those which 
form the foundation of optics, are the following : 

vox. II. N 
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I St, Light moves in a straight linej as Jong as it passes 
through the same transparent medium. 

This property is a necessary consequence of the 
nature of light ; for whatever it may be, it is a body 
in motion. But a body moves- in a straight line if 
nothing obstructs or tends to turn it aside from its 
course ; and as every thing in the same medium is 
equal in all directions, the light which passes through 
it must move in a straight lined course. 

This principle of optics, as well as the following, 
may be proved by experiment. 

2d. Light J when it meets with a polished plane, is re^ 
Jlectedj making the angle of reflection equal to the 
angle of incidence ; and the reflection always takes 
place in a plane perpendicular to the reflecting fur^ 
face y at the point of reflection. 

t 

That is to say, if A B (plate i fig. i ) be a 
ray of Hghr, falling on a plane surface DE; and 
if B be the point or reflection , to find the direction 
of the reflected ray B C, we must conceive to be 
drawn through the line A B, a plane perpendicular 
to the surface D E, and intersecting it in the point 
B : if the angle C B E in this plane be then made 
equal to A B D, the line C B will be the reflected 
ray. 

If the reflecting surface be a curve, as rf B ^, a 
plane touching that surface, must be conceived pars- 
ing through B, the point of reflection : the reflec- 
tion will take place the same as if it were produced 
by the point B ; for it is evident that the curved 
surface and the plane, a tangent to it in the point 
B, coincide in that infinitely small part, which may 
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be côûsidered as a plane common to the cUrVed sur*» 
face and to the tangent plane : the ray of light there- 
fore must be reflected n'om the curved surface, ia 
the same manner as from the point B of the plane 
which touches it. 

fl 

3d. Lights in passing obliquely Jr-om one medium into 
another of a different density j is turned aside from 
its rectilineal direction^ so as to incline towards the 

. perpendicular when it passes from a rare medium into 
one that is denser^ as from the air into glafs or 
water J and vice versa. 

This proposition may be proved by two experi* 
ments, which are a kind of optical illusions. 

£XP£RIM£NT U 

Expose to the sun, or to any other lights a ves« 
sel A BCD (fig. a pi. i), the sides of which are 
opake, and examine at what point of the bpttom the 
shadow terminates. We shall here suppose that it 
is at £. Then fill it to the brim with water or oil, 
and it will be found that the shadow, instead of 
terminating at the point £, will reach no farther 
than to F. This difference can arise only from the 
inflection of the ray of light S A, which touches the 
edge of the vessel. When the vessel is empty, this 
ray, proceeding in the straight line S A £, makes 
the shadow terminate at the point £ ; but when the 
vessel is filled with a fluid denser than air, it falls 
back to A F. This inflection of a ray of light, 
in passing obliquely from one medium into another^ 
is called nfraction. 



174 THj& KATURI^ 



£XP£RIMEKT II. 



Plïce at the bottom of a vessel, the sides of 
which are opake, at C for eiample, (fig. 3 pi. i ) 
a piece of money or any other object, and move 
backwards from the vessel till the object disappearis ; 
if water be then poured into the vessel, the object 
will immediately become visible, as well as that part 
of the bottom which was concealed from your sight. 
The reas<m of this is as follows : 

When the vessel is empty, the eye at O can see 
the point C only by the direct ray CAO, which is 
intercepted bv the edge A of the vessel ; but when 
the vessel is mil of water, the Tay C D, instead of 
continuing its course directly to E, is refracted into 
DO, by diverging further from the perpendicular 
D P. This ray conveys to the eye the appearance 
of the point C, which is seen at r, in the straight 
line OD continued : the bottom therefore, in this 
case, appears to be raised. For the same reason, a 
straight stick or rod, when immersed in water, ap- 
pears to be bent at the point where it meets with 
the surface, unless it be immersed in a perpendicular 
direction. 

Philosophers have carefully examined the law ac* 
cording to which this inflection takes place, and 
have found that when a ray, as E F (fig. 4 pL i ), 
passed from air into glass, it is refracted into F I, in 
such a manner,- that the sine of the angle C F E 
and that of D F I, are in a constant ratio. Thus^ 
if the ray EF be refracted into F I, and the ray 
e F into F /, the sine of the angle C F E will have 
the same ratio to the sine of D F I,, as the sine of 
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the anrie C F ^ has to that of D F ;• Tliîs ratîa, 
when the ray passes from air into common gbss, is 
always as 3 to 2 ; that is tc say^ the sme of the 
angle which the refracted ray forma with the perpeni» 
dicular to the refractinj^ substance» is always two 
thirds of the sine of the angle fonned by the iad** 
dent ray with the same perpendicular. 

It is to be observed, that when the latter angles 
that is the distance of the incident ray from the per- 
pendicular, which is called the angle of inclination, 
is very small, the angle of refraction may be consi- 
dered as two thirds of it, because small angles have 
nearly the same ratio as their sines. We here sup- 
pose that the ray passes from air into glass ; for it 
is well known, and may be easily proved by the ta- 
ble of sines, that when two angles are very small, 
that is if they do not exceed 5 or 6 degrees, they 
are sensibly in the same ratio as their sines. Thus» 
in the case above, the angle of refraction IFD, 
will be two thirds of the angle of inclination G F £ ; 
and consequently the angle formed by the refracted 
ray and the incident, continued in a straight line, 
will be one third of it. 

When the passage takes place from air into wa- 
ter, the ratio of the sine of the angle of inclination, 
and that of the angle of refraction, is that of 4 to 
3 ; that is to say, the sine of the angle DF I is 
constantly 4 of the sine of G F £, the angle of in- 
clination, of the ray incident in air. Consequently, 
when these angles are very small, they may be con- 
sidered as being in the same ratio ; and the angle of 
refraction will be | of the angle of inclination. 

This proportion is the basis of all the calculations 
of dioptrics ; and on that account ought to be weH 
impiinted in the memory. For the discovery of it 
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we are indebted to the celebrated Descartes ; though 
it appears certain, by the testimony of Huygens, 
that a law of refraction equally constant, and which 
in fact is the same, was discovered before by Wille-. 
brod Snell, a Dutch mathematician. But Vossius 
is wrong when he asserts, as he does in his book 
De Natura lucisy that the expression of Snellius was 
more convenient. This learned man did not know 
what he said, when he attempted to speak of na- 
tural philosophy* 

PROBLEM I. 

To exhibit^ in a darkened room^ external objects^ in 
' their natural colours and proportions. 

Shut the door and windows of the apartment, 
in such a manner, that no light can enter it, but 
through a small hole very neatly cut in one of the 
window shutters, opposite to some well frequented 
place or landscape ; then hold a white cloth or piece 
of white paper opposite to the hole, and if the ex* 
ternal objects are strongly illuminated, and the room 
very dark, they will appear as if painted on the 
cloth or paper, in their natural colours, but inverted. 

The experiment, performed in this simple man* 
ner, will succeed well enough to surprise those who 
see it for the first time ; but it may be rendered 
much more striking by means of a lens. 

Adapt to the hole of the shutter, which in this 
case must be some inches in diameter, a tube hav« 
îng at its internal extremity a convex lens, of 4, 5, 
or 6 feet focus ; if a piece of white cloth, or a sheet 
of paper, be then held at that distance from the 
glass, and in a direction perpendicular to the a»s 
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oF the tube, the external objects will be painted on 
the cloth or paper, with much more distinctness and 
vivacity of colouring, than in the preceding experi- 
ment ; and in so accurate a manner» that the fea- 
tures of the person seen may be distinguished. This 
spectacle is highly amusing, especially when a pub- 
lic place, a promenade filled with people, &c, are 
exhibited. 

This painting indeed is inverted, which destroys 
a little of the effect ; but different methods may be 
employed to make it appear in its natural position : 
it is however to be regretted that this cannot 'be 
done without injuring the distinctness, or lessening 
the field of the picture. Those who may be desirous 
of seeing the objects erect, must proceed in the fol- 
lowing manner : 

At about half the focal distancé of the lens place 
a plane mirror, inclined at an angle of 45^, so that 
it may reflect downwards the rays proceeding from 
the lens ; if you then place horizontally below it a 
sheet of paper, the image of the external objects will 
appeal' painted on the paper, and in their natural 
situation to those who have their backs turned to- 
wards the window. Fig. 5 represents the mechanism 
of this inversion, of which a clear idea cannot be 
formed without some knowledge of catoptrics. 

The sheet of paper may be extended on a table, 
and nothing will be necessary but to dispose the 
glass and mirror at such a height from the paper, 
that the objects may be distinctly painted on it. By 
these means a landscape, or edifice, &c, may be ex- 
actly delineated with great ease. 
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PROBLEM n. 

To construct a portable Camera Obscura. 

Construct a wooden box ABCD (fig. 6 
p]. I ), about a foot in height, as much in breadth^ 
!and two or three feet in length, according to the 
focus of the lenses employed. To one of the sides 
adapt a tube £F, consisting of two, one thrust 
within the other, that it may be lengthened or 
shortened at pleasure ; -and in the anterior aper- 
ture of the first tube fix two lenses, convex on 
both sides, and about seven inches in diameter, so 
as almost to touch each other ; place another of 
about 5 inches focal distance in the interior aper- 
ture ; and at about the middle of the box, taken 
lengthwise, dispose in a perpendicular direction a 
piece of oiled paper G H, stretched on a frame : in 
the last place, make a round hole I, in the side 
opposite to the tube, and sufficiently large to re» 
ceive both eyes. 

When you are desirous of viewing any objects, 
turn the tube, furnished with, the lenses, towards 
them ; and adjust it, either by drawing it out or 
pushing it in, till the image of the objects is painted 
distinctly on the oiled paper. 

The following is the description of another ca- 
mera obscura, invented by Gravetimde, and of 
which he gave an account at the end of his Essay 
on. Per spec rive. 

This machine is shaped almost like a bac^ey 
chair; the top of it is rounded off towards the 
back part, and before it swells out into an arch at 
about the middle of its height. See plate II fig* 7» 
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where this machine is represented with the dde 
opposite to the door taken off, in order that the 
ince: ior part of it may be exhibited to view. 

I St. The board A, in the inside, serves as a 
table : it turns on two iron hinges fastened to the 
fore part of the machine, and is supported by two 
small chains, that it may be raised to facilitate en- 
trance into the machine. 

ad. To the back of the machine, on the outside, 
are affixed four small staples C, C, C, C, in which 
slide two pieces of wood D £, DE, three inches 
in breadth ; and through these pass two other 
pieces, serving to keep fast a small board F, which 
by their means can be moved forwards or back^ 
wards. 

3d. At the top of the machine is a slit P M O Q, 
. nine or ten inches in length, and four in breadth^ 
to the edges of which are affixed two rules in the 
form of a dove tail : between these slides a board 
of the same length, having a round hole, of about 
three inches diameter, in the middle, furnished with 
a nut, that serves to raise or lower a tube abou( 
four inches in height, which has a screw cor<* 
responding to the nut. This tube is ii^teodcd for 
receiving a convex glass* 

4th. The moveable board, above described » 
supports a square box X, about seven and ^ half 
inches in breadth, and ten in height, the fore part 
of which can be opened by a small door, and vX 
the back part of the > box towards the bottom is a. 
square aperture N, of about four inches in breadth^ 
which may be shut at pleasure by a moveable^ 
board. 

5th. Above this square apettosre b a sUt paralkl to 
the horizon, and which occufHes fhe whole breadA 
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of the box. It serves for introducing into the box 
a plane mirror, which slides between two rules so 
that the anele it makes with the horizon towards 
the door B is 1 1 2^°, or | of a right angle. 

6th* The same mirror, when necessary^ may be 
placed in a direction perpendicular to the horizon, 
as seen at H, by means of a small iron plate adapted 
to one of its sides, and furnished with a screw which 
enters a slit formed in the top of the machine, and 
which may be screwed fast by a nut. 

7th. Within the box is another small mirror 
L L, which turns on two pivots, fixed a little above 
the slit of N^ 5, and which, being drawn up or 
pushed down by the small rod S, may be inclined 
to the horizon at any angle whatever. 

8 th. That the machine may be supplied with air, 
a tube of tin-plate, bent at both ends, as seen fig. 8, 
may be fitted into one of the sides : this will give 
access to the air without admitting light. But, if 
this should not be sufficient, a small pair of bellows, 
to be moved by the foot, may be placed below the 
scat, and in this manner the air may be continually 
renewed. 

The different uses of this machine are as follow, 

I. To represent objects in their natural situation. 

When objects are to be represented in this ma- 
chine, extend a sheet of paper on the table, or ra- 
ther stretched on a frame, or you may eniploy a 
piece of strong card, and fix it in such a manner as 
to remain immoveable. 

In the tube C, (fig. 7) place a convex glass, the 
fbcus of which is nearly equal to the height of the 
machine above the table ; open the back part of 
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the box X, and having removed the mirror H, as 
well as the board F, and the rules D £, incline the 
moveable mirror L L» till it make with the horizon 
an angle of nearly 45°, if you intend to represent 
objects at a considerable distance, and which form 
a perpendicular landscape. '\Yhen this is done, all 
those objects which transmit rays to the mirror LL, 
jso as to be reflected on the convex glass, will ap- 
pear painted on the paper frame z the point where 
the images are most distinct may be found, if the 
tube which contains the lens be lowered or raised, 
by screwing it up or down. 

By these means any landscape, view of a city, 
&c, may be exhibited with the greatest precision. 

II. To represent objects m such a manner ^ as to make 
that which is on the right appear on the left^ and 
vice versa. 

The box X being in the situation represented in 
the figure, open the door B, and having placed the 
mirror H in the slit, and in the situation already 
mentioned N^ 5, raise the mirror L L till it make 
with the horizon an angle of 22-^ degrees ; if the 
fore part of the machine be then turned towards 
the objects to be represented, which we here sup- 
pose to be at a considerable distance, they will be 
seen painted on the paper, but transposed from 
right to left. 

It may sometimes be useful to make a drawing 
where the objects are transposed in this manner ; for 
example, in the case when it is intended to be 
engraved ; for as the impression of the plate will 
transpose the figures from right to left, they will 
then appear in their natural position.* 
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III. To represent m succession all the objects in the 
neighbourhood^ and quite around the machine. 

Place the mirror H in a vertical position» as secR 
in the figure» and incline the mirror L at an angle 
of 45 degrees ; if the former be then turned round 
vertically» the lateral objects will be seen painted in 
succession on the paper, in a very pleasant manner. 

It must here be observed» that it will be neces- 
sary to cover the mirror H with a kind of box 
jnade of pasteboard» open towards the objects» and 
also towards the aperture N of the box X ; for 
if the mirror H were left entirely exposed, it would 
reflect on the mirror L a great many lateral rays» 
which would considerably weaken the effect. 

IV; To represent the, image of paintings or prints. 

Affix the painting or print to the side of the 
board F» which is next to the mirror L» and in such 
a manner that it may be illuminated by the sun. 
But as the object in this case will be at a very 
small distance, the tube must be furnished with a 
^lass, having its focal distance nearly equal to half 
thé height of the machine above the paper : if the 
distance of the painting from the glass be then 
equal to that of the glass from the paper, the 
figures of the painting will be represented on the 
paper exactly of the same size. 

The point at which the figures have the greatest 
distinctness, may be found, by moving backwards 
or forwards the board F, till the representation be 
very distinct. 

Some attention is necessary in regard to the 
aperture of the convex glass. 
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In the first phce, the ^ame aperture may in 
general be given to the glass as to a telescope of 
the same length. 

Secondly, this aperture must be diminished when 
die objects are very much illuminated; and vice 
versa. 

Thirdly, as the traits appear more distinct when 
the aperuire is small, than when it is large, if you 
intend to delineate the objects, it will be necessary 
to give to the glass as small an aperture as possible; 
but taking care not to extenuate die . light : it will 
therefore be proper to have different circles of copi- 
per or of blackened pasteboard to be employed for 
altering the size of the aperture, according to ctrr 
cumstances. 

R£MARK. 

On the top of the Ropl Observatory, at Green* 
wich,^is an excellent camera obscura, capable of 
containing five or six persons, all viewing the exhi« 
hidod together. All the motions of the glasses are 
easily performed by one of the persons within, by 
means of attached rods ; and the images are thrown 
on a large and smooth concave table, cast of plaster 
of Paris, and moveable up and down so as to suit 
the distances of the objects. 

PROBLEM III. 

To explain the nature of vision, and its principal pbe* 

nomena. 

Before we explain in what manner objects are 
perceived, it will be necessary to begin with a de- 
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scription of the wonderful organ destined for that 
purpose. 

The eye is a hollow globe, formed of three mem-» 
branes, which contain humours of different densities, 
and which produces in regard to external objects 
the same effect as the camera obscura. The first or 
outermost of these membranes, called the scleroticay 
is only a prolongation of that which lines the inside 
of the eye-lids. The second, called the choroïdes^ is 
a prolongation of the membrane which covers the 
optic nerve, as well as all the other nerves. And 
the third, which lines the inside of the eye, is an 
expansion of the optic nerve itself : it is this mem- 
brane, entirely nervous, which is the organ of 
vision ; for, notwithstanding the experiments in 
consequence of which this fimction has been ascrib- 
ed to the choroïdes, we cannot look for sensation 
any where else than in the nerves and nervous 
parts. 

In the front of the eye the sclerotica changes its 
nature, and assumes a more convex form than the 
ball of the eye, forming here What is called the frans' 
parent cornea. The choroïdes, by being prolonged 
below the cornea, must necessarily leave a small 
vacuity, which forms the anterior receptacle of the 
aqueous humour. This prolongation of the cho- 
roïdes terminates at a circular aperture well known 
under the name of the pupil. The coloured part 
which surrounds this aperture is called the iris or 
ufvea y it is susceptible of dilatation and contraction, 
so that when exposed to a strong light the aperture 
of the pupil contracts, and in a dark place it dilates. 

This aperture of the pupil is similar to that of the 
camera obscura. Behind it is suspended, by a cir- 
cular ligament, a transparent b^dy of a certain con- 
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sistence, and having the form of a lens : it is called 
the crystalline humour, and in this natural camera 
obscura performs the same office as the glass in the 
artificial one. 

By this description it may be seeç, that between 
the cornea and the crystalline humour there is a 
sort of chamber, divided into nearly two equal parts, 
and another between the crystalline humour and the 
retina. The first is filled with a transparent hu^ 
mour similar to water, on which account it has 
been called the aqueous humour. The second cham- 
ber is filled with a humour of the same consistence 
almost as the white of an egg: it is known by. die . 
name of the vitreous humour. All these parts may 
be seen represented plate III, fig. 9 ; where a is the 
sclerodca, b the cornea, c the choroides, d the re- 
tina, e the aperture of the pupil, ff the uvea, b the 
crystalline humour, / / the aqueous, k k the vitre- 
ous, and / the optic nerve. 

As it is evident, from the above description, that 
the eye is a camera obscura, but more complex 
than the artificial one before described, it may 
readily be conceived that the images of die exter- 
nal objects will be painted in an inverted situation, 
on the retina, at the bottom of it ; and these imagés, 
by affecting the nervous membi^ne, excite in the 
mind the perception of light, colours, and figures. 
If the image be distinct and lively^ the impression 
received by the mind is the same ; but if it be 
confused and obscure, the perception is confused 
and obscure also : this is sufficiently proved by ex- 
periment. That such images really exist, may bê 
easily shewn by employing the eye of any animal, 
such as that of a sheep or bullock ; for if the back 
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part of it be cut off, so as to leave only the redna ; 
and if the cornea of it be placed before the h%>le of 
a camera obscura^ the image of the external ob* 
jects will be seen painted on the retina at the bot- 
tom of it. 

But it may here be asked, since the images of 
the objects are inverted, how comes it that they 
are seen in their proper position ? This question can 
have no difficulty but to those who are ignorant of 
metaphysics. The ideas indeed which we haTe of 
the upnght or inverted situation of objects, , in re- 
gard to ourselves, as well as >of their distance, are 
merely the result of the two senses, seeing and 
touching combined. The moment we begin ta 
make use of our sight, we experience, by means of 
touching, that the objects which aflfect the upper 
part of the retina, are towards our feet in regard to 
those that affect the lower part, which touching 
tells us are at a greater distance. Hence is estab- 
lished the invariable connection that subsists be- 
tween the sensation of an object which affects the 
«pper part of the eye, and the idea of the lowness 
of that object. 

But what is meant by lowness ? It is being nearer 
the lower part of our body. In the representation 
of any object, the image of the lower part is paint- 
ed nearer that of our feet than the image of the 
upper part: in whatever place the image of our 
feet may be painted on the retina, this image is 
necessarily connected with the idea of inferiority ; 
consequently, whatever is nearest to it necessarily 
|iroduces in the mind the same idea. The two 
iticks of the blind man of Descartes prove nothing 
kfre, and Descartes would certainly have expressed 
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himself in the same manner^ had he ndt tdopted the 
doctrine of innate idea)s, proscribed by modem 
metaphysics. 

PROBLEM IV. 

To construct an artificial eye^ for exhibiting and ex* 
plaining all the phenomena of vision^ 

This machine may be easily constructed from 
the following description. A B D E is a hollow 
ball of wood (fig. lo pi. 3), five or six inches in 
diameter, formed of two hemispheres joined to- 
gether at L M, and in such a manner, chat they 
can be brought nearer to or seps^rated from each 
other about half an inch. The segment A B of tlie 
anterior hemisphere is a glass of uniform thickness, 
like that of a watch ; below which is a diaphragm^ 
with a round hole about six lines in diameter in the 
middle of it ; F is a lens, convex on both sides, 
supported by a diaphragm, and having its focus 
equal to F C when the two hemispheres are at their 
mean distance. In the last place, the part D G £ 
is formed of a glass of uniform thickness, and con- 
centric to the sphere, the interior surface of which, 
instead of being poliihed, is only rendered smooth, 
so as to be semi-transparent. Such is the artificial 
eye, to which scarcely any thing is wanting but 
the aqueous and vitreous humours; and these 
might be represented also, by putting into the first 
cavity common water, and into the otiier water 
chained with a strong solution of salt. But for 
the experiments we have in, view, this is entirely 
useless. 

VQL. 11. o 
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This small machine however may be greatlv 
HmpliBedv by reducing it. to two tubes of an inch 
and a half or two inches in diameter, one thrust 
into the other. The first, or anterior one, ought 
to be furnished with a lens of about three inches 
focus ; but care must be taken to cover the whole 
of it except the part nearest the axis, which may 
be done by means of a circular piece of card, hav- 
ing in the middle of it a hole about half an inch in 
diameter. The extremity of the other tube may be 
covered with oiled paper, which will perform the 
part of the retina. The whole must then be arrange 
« cd in such a manner, that the distance of the glass 
from the oiled paper may be varied, from about 
two to four inches, by pushing in or drawing out 
one of the tubes. A machine of this kind may 
easily be procured by any one, and at a very smaU 
expence. 

Experiment L 

The glass or the oiled paper being exactly in the 
focus of the lens, if the machine be turned towards 
very distant objects, they will be seen painted with 
great distinctness on the retina. If the machine be 
lengthened or shortened, till the bottom part be no 
longer in the focus of the lens, the objects will be 
seen painted, not in a distinct, but in a confused 
manner. 

Experiment IL 

Present a taper, or any other enlightened object, 
to the machine at a moderate distance, sucn as 
three or four feet, and cause it to be painted in a 
disdnct manner on the -rerina, by moving the bot- 
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tom of the machine nearer to or farther from the 
glass. If you then bring the object nearer, it wÛl 
cease to be painted distinctly ; but the image will 
become distinct if the machine be lengthened. On 
the other hand, if the object be removed to a 
considerable distance, it mil cease to be painted 
distinctly, and the image will not become distinct 
till the machine is shortened. 

Experiment TIL 

A distinct image however may be obtained in an- 
other manner, without touching the machine. In 
the first case, if a concave glass be presented to the 
eye, at a distance which must be found by trial, 
the painting of the object will be seen to become 
distinct. In the second case, if a convex glass be 
presented to it, the same eflfect will be produced. 

These experiments serve to escphin, in the most 
sensible manner, all the pheno,mena of vision, as 
well as the origin of those defects to which the sight 
is subject, and the means by which they may be 
remedied. 

Objects are never seen distinctly unless when 
they are painted in a distinct manner on the retina ; 
but when the conformation of the eye is such, that 
objects at a moderate distance, are painted in a 
distinct manner, those which are much nearer, or at 
a much greater distance, cannot be painted with 
distincmess. In the first case, the point of distinct 
vision is beyond the retina ; and if it were possible to 
change the form of the eye, so as to move the retina 
farther from that point, or the crystalline humour 
farther from the retina, the objects would be ^atint- 
ed in a distinct manner. In the second case, the 
effect is contrary : the point of distinct vision is on 
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this side of the retina ; and, to produce distmct 
vision, the retina ought to be brought nearer to 
the crystalline humouY-, or the latter nearer to the 
retina. We are taught by experiment that in either 
case a change is produced, which is not made with- 
out some effort. But in what does this change 
Consist? Is it in a prolongation or flattening of mc 
eye ? or is it in a displacement of the crystalline 
humour ? This has never yet been properly ascer- 
tained. 

In regard to sight, there are two defects, of a 
contrary nature, one of which consists in not seeing 
distinctly any objects but such as are at a distance ; 
and as this is generally a filing in old persons, those 
subject to it are called presbyta : the other consists 
in not seeing distinctly but very near objects ; and 
those who have this failing are called myopes. 

'The cause of the first of these defects, is a cer- 
tain conformation of the eye, in consequencç of 
which the image of near objects is not painted in a 
distinct manner but beyond the retina. But the 
image of distant objects is nearer than that of neigh- 
bouring objects, or objects at a moderate distance : 
the image of the former may therefore fall on the 
retina, and distant objects will then be distinctly 
seen, while neighbouring objects will be seen only 
in a confused manner. 

But to render the view of neighbouring objects 
distinct, nothing else is necessary than to employ a 
convex glass, as has been seen in the third experi- 
ment : for a convex glass, by making the rays con- 
verge sooner, brings a distinct image of the objects 
nearer ; consequently it ^yill produce on the retina 
a distinct picture, which otherwise would have fallen 
beyond it. 
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In regard to the myopes, the case will be exactly 
the reverse. As the defect of their, sight is occa- 
sioned by a conformation of the eye which unites 
the rays too soon, and causes the point where the 
image of objects moderately distant are painted 
with distinctness, to fall on this side the retina, they 
will receive relief from concave glasses interposed 
between the eye and the object ; for these glasses, 
by causing the rays to diverge, remove to a greater 
distance the distinct image» according to. the third 
experiment: the distinct image of objects which 
was before painted on this side the retina, will be 
painted distinctly on that membrane when a con- 
cave glass is employed. 

Besides, myopes will discern small objects within 
the reach of their sight much better than the 
presbytia, or persons endowed with common 
sight; for an object placed at a smaller distance 
from the eye, forms in the bottom of it, a larger 
image, nearly in the reciprocal ratio of the di- 
stance. Thus a myope, who sees distinctly an ob- 
ject placed at the distance of six inches, receives in 
the bottom of the eye an image three times as large 
as that painted in the eye of the person who does 
not see distinctly but at the distance of. eighteen 
inches : consequently all the small parts of this ob- 
ject will be magnified in the same proportion, and 
will become sensible to the myope, while they will 
escape the observation of the presby tae. If a myope 
were in such a state as not to see distinctly but at 
the distance of half an inch, objects would appear 
to him sixteen dmes as large as to persons of ordi- 
nary sight, whose boundary of distinct vision is 
about eight inches : his eye would be an excellent 
microscope, and he would observe in objects what 
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persons of ordinary sight cannot discover, ^vithout 
the assistance of that instrument. 

PB.OBL.EM V. 

To cause an object^ whether seen near hand or at a 
great distance^ to appear always of the same size. 



The apparent magnitude of objects, every thing 
else being alike, is greater accordmg as the image 
of the object painted on the retina occupies a greater 
space. But the space occupied by an image on the 
retina, is nearly proportioned to the angle formed 
by the extremities of the object, as may be readily 
seen by inspecting fig. 1 1 ; consequently it is on 
the size of the angle formed by the extreme rays, 
proceeding from the object, which cross each other 
in the eye, that the apparent magnitude of the ob- 
ject depends. 

This being premised, let A B be the object, 
v^hich is to be viewed at different distances, and 
always under the same angle. On A B, as a chord, 
describe any arc of a circle, as ACDB: from 
every point of this arc, as A, Ç, D, B, the ob- 
ject A B will be seen under the same angle, 
and consequently of the same size ; for every one 
knows that all the angles having A B for their 
base, and their summits in the segment ACDB, 
are equal. 

The case will be the same with any other arc, as 
AcdB. 
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l^ROBLEM VI. 

Two unequal parts of the fame Jiraight line being giDén, 
whether adjacent or not ; to find the point where 
they will appear equal. 

On AB and BC (fig. 12 pi. 3), and on the 
same side, construct the two similar isosceles tri- 
angles A F B and B G C ; then from the centre 
F, with the radius F B, describe a circle, and from 
the point G,' with the radius G B, describe another 
circle ; intersecting the former in D : the point D 
will be the place required, where the two lines ap- 
pear equal. 

For, the circular arcs A ^E B D and B ^ C Dare, 
by construe don, similar ; and heiice it follows, that 
the angle A D B is equal to B D C, as the^oint 
D is common to both the arcs. 



IlEMARKS. 

I St. There are a great many points, such as D, 
which will answer the problem ;*and it may be de- 
monstrated, that all these points are in the circumfe- 
rence of a semi-circle, described from the point I as 
a centre. This centre may be found by drawing, 
through the summits F and G of the similar tri- 
angles A F B and B G C, the line F G, till it meet 
A C produced, in I. 

2d. If. the lines A B and B C form an angle, the 
solution of the problem will be still the same ; the 
two similar arcs described on A B and B C will 
necessarily intersect each other in some point D, uq« 
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less they touch in B ; and this point D will^ in like 
manner, give the solution of the problem. 

3d. The solution of the problem will be still the 
same» even if the unequal lines proposed» A B and 
bC (fig. 13 pi. 4), are not contiguous ; oiïly care 
must be taken that the radii F B and G ^, of the 
two circles, be such, that the circles shall at least 
touch each other. If ABzi^, B^z:^, *€=*, and 
A C=:dzza+b'\-C9 that the two circles touch each 

Other, FB must beat least =4 a v^ r 

or 4av/-yj— ,andG*=:|6v^ ^ or 

4 b /^ ^"^^ ,. If these lines be less, the two circles 

will neither touch nor cut each other. If they be 
greater, the circles will intersect each odier in two 
points, which will each give a solution of the pro- 
blem. Let tf, for example, be iz 3, i:z:2, and czii : 
in this case G b will be found zz ^2 = 1*4142» 
and BF =z 4\/£ = 2'i2i3, when the circles just 
touch each other*. 

4th. In the last place, if we suppose three un- 
equal and contiguous lines, as A B, B C, CD (fig. 
14 pi. 4), and if the point from which they shall 
all appear under the same angle, be required, find, 
by the first article, the circumference B E F, &c, 
from every point of which the lines A B and B C 
appear under the same angle ; find also the arc 
C E G from which B C and C D appear under the 
same angle j then the point where these two arc^ 

* A considerable error in the original has been here cor- 
rected, both in the algebraical expressions and in the nu- 
meral values. 
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intersect each other will be the point required. But 
to make these two circles touch each other, the least 
of the given lines* must be between the other two, 
or they must follow each other in this order, the 
greatest, the mean, and the least. 

If the lines A B, B C, and C D be not conti- 
guous, or in one straight line, the problem becomes 
too difficult to be admitted into this work. We 
shall therefore leave it to the ingenuity of such of 
our readers as have made a more considerable pro- 
gress in the mathematics. 

PROBLEM VII. 

If A B be the length of a parterre ^ situated before an 
edifice^ the front of which is CD, required the point 
in that front from which the emparent magnittidâ ef 
the parterre A B will be the greatest (fig. 15 pi. 4), 

Take the height C E a mean proportional be- 
tween C B and C A : this height will give the point 
required. For if a circle be described through the 
points A, B, E, it will touch the line C E, in con- 
sequence of a well-known property of tangents and 
secants. But it may be readily seen that the angle 
A E B is greater than any other A e B, the summit 
of which is in the line CD; for the angle A ^ B is 
less than A ^ B, which is equal to A E B. 

PROBLEM VIII. 

A circle on a horizontal plane being given ; // is re* 
quired to find the position of the eye where its image 
on the perspective plane will be still a circle. 

We here suppose that the reader is acquainted 
with the fundamental principle of perspective repre- 
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sentadon, xirhich consists in supposing a vertical 
transparent plane between the eye and the object, 
called the perspective plane» As rays are supposed 
to proceed from every p int of the object to the eye, 
if these rays leave traces on the vertical plane, it is 
evident that they will there prodtice the same effect 
on the eye as the object itself, since they will paint 
the same image on the retina. The traces made by 
these rays are called the perspective image. 

Let A C (fig. 16 pi. 4) then be the diameter 
of the circle on the horizontal plane A C P, perpen- 
dicular to the perspective plane ; Q^R a section of 
the perspective plane, and P O a plane perpendi- 
cular to the horizon and to the liner A P, in which 
it is required to find the point O, where, if the eye 
be placed, the representation ac^ of the circle A C, 
shajl be also a circle. 

If P O be made a mean proportional between 
AP and CP, the point O will be the one required. 

For, if PA be to P O, as PO toPC,theiri- 
angles PAO and P C O will be similar, and the 
angles PAO and COP will be equal : the angles 
PAO and Cr(^ or PAO and RrO, will also 
be equal ; hence it follows that in the small triangle 
acO^ the angle at c will be equal to the angle 
O A C, and the angle at O being common to the 
triangles A O C and aO c^ the other two, AGO 
and r ^ O, will be also equal : A O then will be to 
CO, as r O to rt O ; hence the oblique cone AGO 
will be cut in a sub-contrary manner, or sub-con- 
trary position, by the vertical plane Q^R, and con- 
sequently the new section will be a circle, as is de- 
monstrated in conic sections. 
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PROBLEM IX. 

Why ts the image, of the sun, which passes into a darken^ 
ed apartment through a square or triangular hole, 
always circular f 

This problem was formerly proposed by Aristotle," 
who gave a very bad soludon of it ; for he said it 
arose from the rays of the sun afl[ectiiig a certain 
roundness, which they resumed when they had sur- 
mounted the restraint imposed on them by the hole 
being of a different figure. This reason is entirely 
void of foundation. 

To account for this phenomenon, it must be ob- 
served that the rays proceeding from any object, 
whether luminous or not, which pass through a 
very small hole into a darkened chamber, form there 
an image exactly similar to the object itself; for 
these rays, passing through the samelpoint, form 
beyond it a kind of pyramid similar to the first, 
and having its summit Joined to that of the first, and 
which, being cut by a plane paj^allel to that of the 
object, must give the same figure, but inverted. 

This being understood, it may be readily con- 
ceived that each point of the triangular hole^ for 
exanTpIe, paints on paper, or on the floor, its solar 
image round ; for every oiie of these points is the 
summit of a cone of which the solar disk is the base. 

Describe then on paper a figure similar and equal 
to that of the hole, whether square or triangular, 
and from every point oiF its periphery, as a centre, 
describe equal circles : while these circles are small, 
you will have at first a triangular figure widi round- 
ed angles ; but if the magmtude of the circles be 
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increased more and more, till the radius be much 
greater than any of the dimensions of the figure, it 
will be observed to become rounder and rounder, 
and at length to be sensibly converted into a circle. 
But this is exactly what takes place in the darken- 
ened apartment ; for when the paper is held very 
near to the triangular, hole, you have a mixed 
image of the triangle and the circle ; but if it be re- 
moved to a considerable distance, as each circular 
image of the sun becomes then very large, in regard 
to the diameter of the hole, the image is sensibly 
round. If the disk of the sun were square, and the 
hole round, the image at a certain distance would, 
for the same reason, be a square, or in general of 
the same figure as the disk. The image of the 
moon therefore, when increasing, is always, at a 
sufficient distance, a similar crescent, as is proved 
by experience. 

PROBLEM X. 

To make an object which is too near the eye to he dis- 
tinctly perceivuiy to be seen in a distinct manner^ 
without the inter pofition of any glass. 

Make a hole in a card with a needle, and without 
changing the place of the eye or of the object, look 
at the latter through the hole ; the object will then 
be seen distinctly, and even considerably magnified. 

The reason of this phenomenon may be deduced 
from the followmg observations : When an object. is 
not distinctly seen, on account of its nearness to the 
eye, it is because the rays proceeding from each of 
its points, and falling on the aperture of the pupil, 
do not converge to a point, as when the object is 
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at a proper distance : the îmage of each point is a 
small circle, and, as all the small circles, produced 
by the different points of the object, encroach on 

* each other, all distinction is destroyed. But; when 
the object is viewed through a very small hole, each 
pencil of rays, proceeding from each point of the 
object, has no other diameter than that of the hole; 
and consequently the image of that point is con- 
siderably confined, in an extent which scarcely sur- 

. passes the size it would have, if the object were at 
the necessary distance ; it must therefore be seen 
distinctly. 

PROBLEM XL 

When the eyes are directed in stich a manner as to see a 
*uery distant object ; why do near objects appear dou* 
ble. and vice versa ? 

The reason of this appearance is as follows. 
When we look at an object, we are accustomed, 
from habit, to direct the optical axis of our eyes to- 
wards that point which we principally consider. As 
the images of objects are, in other respects, entirely 
similar, it thence results that, being painted around 
that principal point of the retina at which the op- 
tical axis terminates, the lateral parts of an object, 
those on the right for example, are painted in each 
eye to the left of that axis ; and the parts on the left 
are painted on the right of it. Hence there has 
been established between these parts of the eye such 
a correspondence, that when an object is pointed at 
the same time in the left part of each eye, and at 
the same distance from the optical axis, we think 
there is only one, and on the right ; but if by a 
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forced movement of the eyes we cause the image of 
an object to be painted in one eye, on the right of 
the optical axis, and in the other on the left, we see 
double. But this is what takes place when, in di- 
recting our sight to a diftant object, we pay atten- . 
tion to a neighbouring object situated between the 
optical axes ; it may be easily seen that the two 
images which are formed in the two eyes are placed, 
one to the right and the other to the left of the op- 
tical axis ; that is to say,, on the right of it, in the 
right eye, and on the left of it in the left. If the 
optical axis be directed to a near object, and if at- 
tention be at the same time paid to a distant object, 
in a direct line, the contrary will be the case. By 
the effect then of the habit, above mentioned, we 
must by one eye judge the object to be on the right, 
and by the other to be on the left ; the two eyes are 
thus m contradiction to each other, and the object 
appears double. 

This explanation, founded on the manner in which 
we acquire ideas by sight, is confirmed by the fol- 
lowing fact» Cheselden relates that a man having 
sustained a hurt in one of his eyes by a blow, so 
that he could not direct the optical axes of both eyes 
to the same point, saw all objects double ; but this 
inconvenience was not lasting : the most familiar 
objects gradually bçgan to appear single, and his 
sight was at length restored to its natural state. 

What tkkes place here in regard to the sight, 
takes place also in regard to the touch ; for when 
two parts of the body which do not habitually corre- 
spond, in feeling one and the same object, are em- 
ployed to touch the same body, we imagine it to be 
double. This is a common experiment. If one of 
the fingers be placed over the other, and if any 



PROPERTIES. SOI 

small body, such as a pea for example, be put be- 
tween them, so as to touch the one on the right side 
and the other on the left, you would almost swear 
that you felt two peas. The explanation of this illu- * 
sion depends on the same principles. 

PROBLEM XH. 

To cause an object, seen distinctly^ and without the in^ 
ierposition of any opake or diaphonous body^ to appear 
to ibe n:iked eye inverted. 

Const KUCT a small machine, such as that re- 
presented fig. 1 7 pi. 4. It consists of two paralld 
ends, A B and C D, johied together by a third 
piece AC,. half an inch in breadth, and an inch 
and a half in length. This may be easily done by 
means of a slip of card. In the middle of the end 
A B make a round hole E, about a line and a half 
' in diameter ; andin the centre of it fix the head of 
a pin, or the point of a needle, as seen in the figure t 
opposite to it in the other end make a hole F with a 
large pin ; -if you then apply your eye to E, turn- 
ing the hole F towards the light or the flame of a , 
candle, you will see the head of the pin greatly 
magnified, and in an inverted position, as represent- 
ed at G. 

The reason of this inversion is, that the head of 
the pin being exceedingly near the pupil of the eye, 
the rays which proceed from the point F are greatly 
divergent, on account of the hole F ; and instead of 
a distinct and inverted image, there is painted at the 
bottom of the eye a kind of shadow in an upright 
position, liut inverted images on the retinal convey 
to the mind the idea of upright objects : conse* 
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quently, as this kind of image is upright, it m«8t 
convey to the mind the idea of an inverted object. 



PUOBLEM xin. 

To cause an object ^ without the interposition of any 
body y to disappear from the naked eye^ when turned 
terwards it* 

For this experiment we are indebted to Ma- 
riotte: and though the consequences he deduced 
from it have not been adopted, it is no less singular, 
and seems to prove a particular fact in the animal 
economy. 

Kx, at the height of the eye, on a dark ground, 
a small roimd piece of white paper, and a little 
lower, at the distance of two feet to the right, fix 
up another, of about three inches in diameter ; then 
place yourself opposite to the first piece of paper, 
and, having shut the left eye, retire backwards, keep* 
îng your eye sdll fixed on the first object : when you 
have got to the distance of nine or ten feet, the se- 
cond will entirely disappear from your sight. 

This phenomenon is accounted for by observ- 
ing, that when the eye has got to the above di- 
stance, the image of the second paper falls on the 
place where the optic nerve is inserted into the eye, 
and that according to every appearance this place of 
the retina does not possess the property of transmit- 
ting the impression of objects ; for while the nervous 
fibres in the rest of the retina are struck directly on 
the side by the rays proceeding from the objects, 
they are struck here altogether obliquely, which de- 
stroys the shock of the particle of light. 



\ 



PROrERTIilS. 



aw 



PROBWM XLV. 

To cause an object to disappear to both eyes at oncf^ 
though it may be seen by each of them separately^ 

Affix to a dark wall a round piece of paper, 
an inch or two in diametier, and a little lower^ at 
the distance of two feet on each side, make two 
marks : then place yourself directly opposite to the 
paper, and hold the end of your finger before your 
face in such a manner, that when the right eye is 
open, it shall conceal the mark on the Içft, an4 
when the left eye is open the ma^rk on the right ; 
if you then look with both eyes to the end of your 
finger, the paper, which is not at aU conççaled qj it 
from either of your eyes, will nevertheless disappear. 

This experiment is explained in the same mi^nner 
as the former ; for, by the means here employed, 
the image of the paper is made to fall on the inser- 
tion of the optic nerve of each eye, and hçncç the 
disappearance of tl^e pbjçct from both. 

PROBLEM XV, 

An Optical gam^^ "which proves that with one eye a p^son 
cannot Judge well ^ the distance of an object. 

Present to any one a ring, or place it at some 
distance, and in $uch ^ manner that the plane of it 
shall be turned towards the person's face : then bici 
him shut one of his eyes, ^d try to push through 
it a crooked stick, of sufficient length to reach it \ 
he will very seldom succeed. 

yoLf II. • f 



'"*• ■ 



' € 



• ' 



204 OPTICAL * 

The reason of thîs difficulty may be easify given; 
it depends on the habit we have acquired of judging 
of the distances of objects by means of both our 
eyes ; but when we use ohiy one, we judge of them 
very imperfectly 

A person with one eye would not experience the 
same difficulty : being accustomed to make use of 
only one eye, he acquires the habit of judging of 
distances with great correctness. 

PROBLEM xvr. 

A person born blind j having recovered the uie of his 
sight ; if a globe, and a cube which he has learnt to 
distinguish by the touch are presented to him^ will 
he be able^ on the first view without the aid of 
touching^ to tell which is the cube^ and which is the 
globe ? 

Th 1 s is the famous problem of Mr. Molyneux, 
which he proposed to Locke, and which has much 
exercised the mgenuîty of metaphysicians. 

Both these celebrated men thought, not without 
reason, and it is the general opinion, that the blind 
man, on acquiring the use of his sight, would not 
be able to distinguish the cube from the globe, or 
at least without the aid of reasoning ; and indeed, 
as Mr. Molyneux said, though this blind man has 
learned by experience in what manner the cube and 
the globe aiFect his sense of touching, he does not 
ytt know how those objects which affect the touch 
will affect the sight ; nor tliat the salient angle, 
which presses on his hand unequally when he feels 
the cube, ought to make the same impression on 
his eyes that it does on hib sense of touching. He 
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has no means therefore of discerning the globe from 
the cube, • 

The most he could do, would be to reason in the 
following manner, after carefully examining the two 
bodies on all sides : " On whatever side I feel th4r 
globe/* he would say, " I find it absolutely uniform; 
all its faces in regard to my touch are the same; one 
of these bodies, on whatever side I examine it, pre- 
sents the same figure^ and the same fade j conse- 
quently it must be the. globe." But is not this 
reasoning, which supposes a sort of analogy between 
the sense of touching and that of seeing, rather top 
learned for a man born blind ? It could only be 
expected from a Saunderson. But it would be im- 
proper here to enter into farther details respecting 
this question, which has been discussed by Moly- 
neux, Locke, and the greater part of the modern 
metaphysicians. 

What was observed in regard to the blind man, 
restored to sight by the celebrated Cheselden, ha^ 
since confirmed the justness of the solution given 
by Locke and Molyneux. 

When thiit man, who had been born blind, reco- 
Tered his sights the impressions he experienced, im- 
mediately after the operation, were careful iy observ- 
ed i and the following is a short account of them. 

When he began to see^ he at first imagined that 
all objects couched his eyes, aa thc^ ^fh which he 
was acquainted by feeling touched hfs skin. He 
knew no figure, amd was incapable of distin-- 
guishing one bo4y from another. He had an 
idea tl:^ soft and polished bocfies, which' afifécl'^ 
ed bis sense of touching in an agreeable manner, 
ought to aflfect his eyes in the satie way ; and he vms 
much surprised to find that these two things had 
to son of GOBitescdon. In a wcif d> soflfie months 
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elapsed before he was able to distinguish any form in* 
a-painting ; for a long time it appeared to him a sur-* 
face daubed over with colours ; and he was greatly 
astonished when he at length saw his father in a 
nliniature picture : he could not comprehend how 
so large a visage could be put into so small a space; 
it appeared to hiti as impossible, says the author 
from whom this account is extracted, as to put a 
cask of liquor into a pint bottle. 

PROBLEM XVII. 

I 

To construct a machine by means of which any objects 
whatever maybe delineated in perspective j by any 
person^ though unacquainted with the rules rf that 
science* 

The principle of this machine consists in making 
the point of a pencil, which continually presses 
against a piece of paper^ to djescribe a line parallel 
to that described by a point made to pass over the 
outlines of the objects, the eye being in a fixed po- 
sition, and looking through an immoveable sight. 

The frame T^ T,T, T (fig. i8 pi- 5), supjported 
in a perpendicular direction by the two pieces ot wood 
S Q, S G, passing through tne two lower comers of 
it, is adapted for receiving a sheet of paper, on which 
the objects are to be traced out in perspective. The 
paper -is extended on it, and kept in that position 
by being cemented at the four comers. £ £ is a 
cross bar perpendicular to the two pieces S G, S G, 
and having at its extremity another piece K D» 
moveable on an axis at K. The latter serves to 
S4pport the perpendicular rod D C, bearing a move^ 
able sight B A, to which the eye is applied. 

The piece of wood N P is moveable^ and its ex* 
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tremity P is furnished with a slender point, terminat- 
ing in a small button. Near its two extremities 
are fixed two pulleys, uhder which pass tsvo small 
cords M M : these two cords are conveyed over the 
pulleys L, L, fixed at the corners T, T of the frame, 
and thei^around two horizontal ones R^ R : by 
these means they fall on the other side of the^ frame, 
where they are fastened to the weight Q^ which 
moves in a groove, so that when the weight Qjrises 
or falls, the moveable piece of wood NP remains 
always in a situadon parallel to itself. This piece 
of wood ought to be nearly in equilibrium with the 
weight, that it may be easily moved, when it is ne- 
cessary to raise or to lower it a little : in the middle 
of it is fixed the pencil or crayon I. 

It may now be readily conceived that, if the eye 
be applied to the hole A, and if the moveable piece 
of wood N P be moved with the hand, in such a 
manner as to make the end P pass over the outlines 
of a distant object, the point of : he pencil I, will ne- 
cessarily describe a line parallel and equal to that 
described by the point P; and consequently will 
trace out on the paper O, O, against which it presses, 
the image of the object in exact perspective. 

This machine was invented by Sir Christopher 
Wren, a celebrated mathematician, and the- archi- 
tect who built St. Paul's. Bot if it be required to^ 
trace out any object .whatever, according to the 
rules of perspective, the very umple means describ» 
ed in the following problem may be employed. 

PROBLEM XVIII. 

Anetber method^ hy wbkb a f$rsm may represent aft 
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object in persttcihi^ witbêut any knowledge if the 
principles cftbe art. 

This method of representing an object in perspoc* 
tive requires^ |n the same manner a( the preceding, 
BO acquaintance with the rules of the arc ; and the 
kind of machine employed is much simpler ; but it 
supposes a consideiable degree of expertness in the 
art of drawing, or at least enough to be able to de- 
lineate in one small space what is seen in another. 

To put this method in practice, construct a frame 
of such a size, that when lo<^ng at the object from 
a determinate poim, it may be contained withiii 
that frame* Then fix the place of the eye before 
the frame, and, in regard to its plane, in whatever 
inaimer you think proper. The best position for 
the eye, unless you mtend to make a drawing some- 
,what fantastical by the position of the objects, will 
lie in a line perpendicular to the plane of the frame, 
at a distance nearly equal to the breadth of the 
frame, and at the height of about two-thirds of 
that of the frame. This place must be marked by 
means of a sight or hole, about two lines in diame- 
ter, made in the middle of a square or circular ver- 
tical plane, of about an inch or two in breadth. 
Then divide the field of the frame into squares of 
an inch or two in size» by means of threads extend- 
^ from the sides, and crossing each other at right 
angles. 

Then provide a piece of paper, and divide it, by 
lines drawn with a black lead pencil, into the same 
number of squares a$ the frame. When these pre- 
parations have been made, nothing is necessary but 
to apply your eye to the sight above mentioned, and 
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to draw in each square of the paper that part of the 
object observed in the corresponding square of the 
frame. By these means you will obtain an exact 
representation of the object in perspective ; for it is 
evident that it will be delineated such as it appears 
to the eye, and perfectly similar to the figure which 
would remain on any transparent substance extend- 
ed on the frame, if the rays,- proceeding frpm each 
point of the object to the eye, or the place of sight, 
should leave, traces on that substance. The object, 
or assemblage of objects, will therefore be repre- 
sented in perspective with great accuracy. 



Remark. 

The same nieans may be employed to demon- 
strate, in a sensible manner, without the least know- 
ledge of geometry, the truth of the greater part of 
the rules of perspective ; for if a straight line be 
placed behiiid the frame, in a direction perpendicu- 
lar to its plane, you will see its image pass through 
the point of sight, or through that point of tne 
plane of the frame which corresponds to the per- 
pendicular let fall from the eye on that plane. If 
the line be placed horizontally, and if you cause it 
to make an angle of 45. degrees with the plane of 
the picture, you will see the image of it pass through 
one of those points called the points of distance. ' If 
this line be placed in any direction whatever you will 
see its image concur with one of the accidental 
points. It is in these three rules that the whole of 
perspective almost consists. 



I » 



âlO Ai»I»AttIHt 



Ûfîbe apparent nn^itude of the heavenly bodies on the 

horizon, 

f 

It is a well knowti phenomenon that die moon 
End sun, when near the horizon, appear much 
larger than when they are at a mean altitude, or 
near the zenith. Thi« phenomenon has been the 
subject of much research to philosophers ; and some 
of them have given very bad explanations of it. 

Those indeed who reason superficially, ascribe it 
to a very simple cause, viz, refraction ; for if wc 
look obliquely, say they, at a crown piece immersed 
ta water, it appears to be sensibly ipagnified. But 
every body knows that the rays, which proceed from 
Ihe celestial bodies, experience a refraction when 
ihey enter the atmosphere of the earth. The sun 
mnd moon are then like the crown immersed in 
water. 

Bur, those who reasbn in this manner do not 
teflect thac, if a crown piece immersed in a denser 
medium appears magnified to the eye situated in a 
rarer medium, the contrary ought to be the case 
when the eye is situated in a dense medium, while 
the crown piece is immersed in a raren A fish 
Would see the crown piece out of the water much 
smaller than if it were in the water. But we are 
placed in the dense medium of the atmosphere, 
while the moon and sun are in a rarer. Instead 
therefore of appearing larger, they ought to appear 
smaller ; and this indeed is the case, as is proved by 
the instruments employed to measure the apparent 
tTKignitude of the celestial bodies : these instruments 
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shew that the perpendicular diametet of the sun and 
moon, when on the horizon, is shortened about two 
minutes, which gives them that oval,for£n9 pretty 
apparent, under which they often appear. 

The cause of this phenomenon must therefore be 
sought for in a mere optical illusion ; and in our 
opinion the following explanation is the most pro*» 
^ble. 

When an object paints on the retina an image of 
a determinate size, the object appears to us larger^ 
according as we judge it to be at a greater distance } 
and this is the consequence of a tacit reasoning 
pretty just ; for an object which, at the distance of 
six hundred feet, is painted in the eye under the 
diameter of a line^ must be much larger than that 
which is painted under the same diameter, though 
only at the distance of sixty feet. But when the 
sun and moon are on the horizon, a multitude of 
intervening objects give us an idea of great distance; 
whereas when they are near the zenith, as no object 
intervenes, they appear to be nearer us. In the ior« 
mcr situation then they must excite an idea of m^g* 
nitude, quite different from what they do in the 
latter. 

We must however confess that this explanation 
is attended with some difficulties. 

1st. When we look at the moon on the horizon 
through a tube, or through the fingers bent into the 
form of one, the size or it appears to be much di- 
minished, thcnigh the finders conceal the intervening 
objects in a very imperfect manner, ad, we often 
9Qe the moon rising behind a hill at a small distance, 
and an such occasions she appeari to be exceed- 
ingly large. 
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These facts^ which seem to overturn the explana- 
tion before given, have induced other philosophers 
to endeavour to find out a diflferent one. The foU 
lowing is that of Dr. Smithy a celebrated writer on 
optics. 

The celestial arch does not exhibit to us the ap- 
pearance of a hemisphere, but that of a very oblate 
surface, the elevation of which towards the zenith 
is much less thaii its extension towards the horizon. 
The sun and moon also appear under the same 
angle, whether at the horizon or near the zenith. 
But the intersection of a determinate angle, at a 
mean distance from the summit, is less than at 
a greater. 'Jlie projection therefore of the sun and 
moon, or their perspective image on the celestial 
arch, is less at a great distance from the horizon 
than in the neighbourhood of \U Consequently, 
when at a distance from the horizon diey must ap- 
pear less than when they are near it. 

This explanation of the phenomenon is very spe- 
cious. But may it not here be asked, why these 
two images, though seen under the same angle, 
appear one greater than the other ? Are we not still 
obliged to have recourse to the former explanation ? ^ 
lîut for the sake of brevity we shall leave the dis- 
cussion of the :e two questions to the reader. 

It is sufficient that it is fully demonstrated that 
this apparent magnification is not produced by a 
larger image painted on the retîna. In regard to 
the moon, it is even somewhat less; since that 
luminary, when on the horizon, is nearer us, by 
about a semi-diameter of the earth, or a sixtieth 
part, than when she is very much elevated above 
the horizon. In a word, this phenomenon is merely 
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an optical iHuBion, whatever may be the cause,. 
which is still very obscure, but in our opiiuon it 
seems to depend cfiiefly on the idea of great di- 
stance excited by the intervening objects. 

PROBLEM XX. 

Oa the converging appearance of parallel rawf of 
. trees. 

The phenomenon wMch is the subject of thi« 
problem, is well known.' Every per&on must have 
observed, that when at the extremity of a very long 
walk, planted on each «Je with treat, the sides in- 
stead of appearing parallel, as ihey really are, seem 
to converge towards the othor end. Ulie case is 
the same with the ceiling of a long gallop ; and 
indeed when it is necessary to represent these ob- 
jects in perspective, the sides of the walk or ceil- 
ing must be represented by converging lines \ for 
they are really so- in the small image or picture 
painted at the bonom of the eye. 

Odier considerations however are necessary, in 
order to give a complete explanation of the pheno< 
menon ; for as the apparent magnitude of objects 
is not measured by the real magnitude of the 
images painted in the eye, but is always the result 
of the judgment formed of their distance by the 
inind, comUned with the magnitude of the image 
present in the eye, the sides of a walk are iar from 
appearing to converge with so much ivpidity, as 
tbe lines which form the image of them in the per-' 
spective plane, or in the eye. M. Bouguer first 
gave a complete explanation of what takes place on 
this occasion : it is as follows : 
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Às the ceiling of a long gallery appears to an 
eye, placed ac one extremity of it, to become lower, 
the case is the same with a long level walk, the 
sides of which are parallel ; the plane of that walk, 
instead of appearing horizontal, seems still to rise* 
For the same reason, as when, on the sea shore, the 
water appears like an inclined plane which threatens 
die earth with an inundation. Some superstitious 
persons, little acquainted with the principles of phi- 
losophy, have considered this Inclination as real, 
and the apparent suspension of the watera as a 
rkible and continued miracle. In like manner, in 
die middle of an immense plain we see it rise around 
us,, as if we were at the bottom of a very broad and 
shallow funnel. M. Bouguer has caught us a very 
ingenious method of determining this apparent incli- 
nation ; but it will be suf&cient here to say that^ to 
most men, it is about 2 or 3 degrees. 

Let us then suppose two horizontal and parallel 
fines, and an inclined plane of 2 or 3 degrees pass- 
ing below our feet : it is evident that these two 
horizontal lines will appear to our eye as if pro-> 
jected on that inclined plane, l^ut their projection 
on that plane will be two lines concurring in one 
point, viz, that where the horzontal drawn from 
the eye would meet it. We must therefore see 
these Knes as convergent. 

It thence follows, that if, by any illusion peculiar 
to the sight, the plane where the parallel lines ^re 
situated, instead of appearing inclined upwards, 
should appear declined downwards, the sides of the 
walk would appear divergent. This Dr. Smith, in his 
Treatise of Optics, says, is the case with the avenue at 
the seat of Mr..North, in the county of Norfolk. But 
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it is to be wished that Dr. Smith had described, in a 
more minute manner, the position of the places. 

However, we shall solve according to these prin-> 
ciples another curious problem, which has been 
much celebrated among opticians. 

PROBLEM XXI. 

In what manner must we proceed to trace eut am 
avenue^ the sUks of which, when seeH from one fjf 
its extremities^ shall appear parallel? 

Suppose an inclined plane of two degrees and a 
half, and that two parallel lines are traced out on 
it. From the eye, suppose two planes passing 
through these lines, and which being coninued cut 
the horizontal plane in two other lines ; these two 
lines will be convergent, and if continued backwards 
will meet behind the spectator. 

Nothing then is necessary but to find this point 
of concurrence, which is vey easy; for any one, 
in the least acquainted with geometry, must per- 
ceive that it is the point where a line drawn through 
the eye, parallel to the above inclined plane, and 
in the direction of the middle of the avenue, meets 
with the horizontal plane* Let a line then ii|* 
clined to the horizon two or three degrees, be 
drawn throu^ the eye of the spectator, and in the 
vertical plane passing through the middle of the 
avenue; the point wnere it meets the horizontal 
plane will be that where the two sides of the avenuç 
must unite. If from this pcnnt therefore, two 
straight lines be drawn through the two extremis 
ti^s of the ixutial bres^dth of th« advenue, they wi}) 
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trace out where all the trees ought to be planted, 
so as to appear to form parallel sides.. 

If the height of the eye be supposed equal to 5 
feet, and the breadth of the commencement of the 
avenue to be 36, the point of concurrence will be 
found by calculation to be 102 backwards, and the 
angle formed by the sides of the avenue ought to 
be about 1 8 degrees. It is diiKcult however to be- 
lieve, that lines which form so sensible an angle wiU 
ever appear parallel to an eye within them, in 
whatever point it may be placed* 



PtiOBLBM XXII. 

Tçform a picture which ^ according to the side on 
which it is viewed^ shall exhibit two different sub* 
jects. 

Provide a sufficient number of small equila- 
teral prisms, a few lines only in breadth, and in • 
length equal to the height ot the painting which 
you intend to make, and place them all close to 
each other on the ground to be occupied by the 
painting* 

Then cut the painting into bands equal to each 
of the faces of the prismsy and cement them, in 
order» to the faces of the same side. 

When this is done, take a painting quite difFeT- 
ent from the former, and having divided it into 
bands in the same manner, cement them to the 
faces of the opposite side. 

It is hence evident, that when on one side you can 
see only the faces of the prism turned towards that 
side, one of the paintings will be seen j and if the 
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picture be looked at 'on the opposite side, the first' 
^ Vill disappear, and the second only will be seen. 
A painting may even be made, which when seen 
in front, and on aie two sides, shall exhibit three 
different subjects. For this purpose, the picture of 
the ground must be cut into bands, and be cement- 
ed to that ground in such â manner, that a space 
shall be leh between them, equal to the thicluiess 
of a very fine card. On these intervals raise, in a 
direction perpendicular to the ground, bands of the 
same card, nearly equal in height to the interval 
between them ; and on the right feces of these 
pieces of card cement the parts of a second paint- 
ing, cut also into bands. In the last place, cement 
the parts of a third picture, cut in the same man- 
ner, on the left faces of the pieces of card. It is 
evident that when this picture is viewed in front, 
at a certain distance, the bottom painting only will 
be seen ; but if you stand on one side, in such a 
manner that the height of the slips of card conceals 
from you the bottom, you will sec only the picture 
cemented in detached portions to the feces turned 
towards that side : if you move to the other side, 
a third painting will be seen. 



PROBLEM XXIIT. 

To describe on a plane a distorted Jigure^ which when 
seen from a d^erminate point shall appear in itsjmf 

proportions. 

A FIGURE, suchibr example as a head, may bo 
disguisedt that is to fay distorted, in such a man- 
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Her» as to exhibit no proportion, when the plane on 
which it has been drawn is viewed in front ; but 
when viewed from a certain point it shall appear 
beautiful, that is to say in its just proportions. This 
xr^y be done in the following manner : 

Having drawn on a piece of paper, in its just 
proportions, the figure you intend to disguise, de-r 
scribe a square around .it, as A B C D (fig. 1 9 
pi. 5), and divide it into several other small 
squares, which may be done by dividii^^ the ddes 
into equal parts, for example seven, and then draw- 
ing straight lines through the corresponding points 
of division, as the engravers do when they intend 
to make a reduced drawiftg from a picture. 

Then describe, at pleasure, on the proposed 
plane, a parallelogram' £ B F G, and divide one 
of the two shorter sides, as £ G, into as many equal 
parts as D C, one of the sides of the square 
A B C D, which in this case are . seven. Divide 
the other side, B F, into two equal parts, in the 
point H, and draw froin it to the points of division 
of the opposite side £ G, as many straight lines, 
the two last of which will be H E and H G. 

Having then assumed at pleasure, in the side 
B F, the point I, above the point H, as the height 
of the eye above the plane of the picture, draw 
from I to the point E, the straight line E I, which 
will cue those lines proceeding from the point H, 
in the points i, 2, 3, 4, 5, 6, 7. llyough these 
points of intersection draw straight lines parallel to 
each other, and to the base E G of the triangle E 
G H, which will thus be divided into as many trape- 
2:iums as there are little squares in the square A B 
Ç D. ' Hence, if the figure in the square A J9 C D 
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be transferred to the triangle £ G H^ by. making 
those parts of the outline contained in the different 
natural squares of A B C D, to pass through the 
corres]k)nding tirapeziûms or perspective squares^ 
the figure will be found to be distorted. But it may 
be seen exactly. like its prototype, that h to say as 
in the square A£ C D, if it be viewed through a 
hole k, which ought to be small towards the eye 
and wide towards the object, made in a small board 
L, placed perpendicularly in H, so that the height 
L K shall be equal to H I, which must never be 
very great, in order that the figure may be more 
distorted in the picture* . . , 

In the convent of the Minimes de la PlateRoyale 
there is a Magdalen at prayers, distorted in the 
same manner, which has ^bme celebrity. It is the 
work of Father Niceron of that order, who fre- 
quendy employed himself on this kind of optical 
amusementi 

Several othei* anamorphoses miy be made in tjiei 
same manner, by painting, for example, on a curved 
surface, either cylindric, or conical, or spherical, a 
certain figure, which when seen from a determinate 
point shall apt>ear regular; but as this does not 
succeed so well in practice as in theory, we think it 
needless to say any thing further on the subject, 
while there are so maiiy others much more curious. 
Those pecions who are fond of such optical curio- 
sities may consult la Perspective Curieuse of Father 
Niceron, where they will find the subject treate4 of 
at full length. 
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PROBi.£M XriV. 

Any quadrilateral figure being given ; U find the dif- 
ferent parallelogranu or rectangles rf which it may bè 
the perspective representation* Or any parallelogram ^ 
whether right-angled or not y being given^ to find its 
position^ ami that ef the eye^ which shall cause its 
perspective representation to be a given quadri^ 
lateral. 

LsT the given quadrilateral be the trapezium 
A B C D (fig-^ ao pi. 6) which we shall suppose the 
most irregular possible, having none of its sides 
parallel. Continue the sides A B and CD, till they 
meet in F, and the sides A D and B C, till they 
meet in Ë ; then draw £ F, and through the point 
A, draw G H, parallel to if. Whatever be the 
position of the eye, provided what is called the point 
<tf sight be in the line £ F, or not only in £ F, but in 
the continuation of it on both sides f the object, of 
which the quadrilatéral' A B C D is the perspective 
representation, will be a parallelogram» 

For, alt persons, acqtiainted with the rules of 
perspective, know that lines parallel' to each other 
on a horizontal plane, when represented in perspec- 
tive meet in one point of the Kne parallel to the 
horizon, drawn through the point of sigh^ Thus, all 
the lines, perpendicular to the ground line, meet in the 
point of siglk itself : all those which form with that 
line an angle of 45^,concur in what is called the points, 
of distance ; and those which form a greater or less^ 
angle, concur in other points, which are always 
determined by drawing from the eye to the picture 
a line parallel to those of which the perspective re- 



présentation is required. All the lined theii> which 
in the picture concur in points situated in the line 
of the point of sight, are images of horizontal and 
parallel lines. Thus, the lines on the horizontal 
plane, which have as representatives in the picture 
the lines B C and A D, are parallel ; and tne case 
is the same with those which give the lineal images 
A B and D C But two pairs of parallel lines ne- 
cessarily form, by their intersection, a parallelogram.. 
The object then of which the quadrilateral A B C D 
is the image, to an eye situated in the line F£^ 
wherever the point of sight may be, is a paral- 
lelogram» 

This being demonstrated, we shall first suppose 
^that the required object is a rectangle. To find in 
this case the place of the eye, divide the distance 
F £ into two equal parts in I, and suppose the eye 
situated in such a manner that the perpendicular, 
drawn from its place to the painting, shall fall on 
the point I ; and that the distance is equal to I £ or 
I F : the points F and I will then be what, in the 
language of perspective, is called the points of di- 
stancé. Continue the lines C B and C D to G and 
H in the ground line : the lines H C F and A B F 
will be the images of the lines which form with the 
ground line angles of 45 degrees. The case will be 
the same with those of which G C £ and A D £ 
are the iffiages. If the indefinite lines Hdc ai^ A ^, 
inclined to thé ground line at an angle of 45 degrees, 
be then drawn on the one side, and on the other, 
and in a contrary direction, the lines Gbc and A d, 
inclined also at half a right angle, these lines will 
necessarily meet at right angles, and form the 
rectangle Abed. 

If the point of sight be supposed in another pointy 
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for example £, that is to say, if we suppose the eye 
to be directly opposite to the point £, and at a di- 
stance equal to E K, after drawing E L and F M per- 
pendicular to the ground line in the plane of the pic ture^ 
we must draw to the same ground line, in the 
horizontal plane, the perpendicular L N, equal to 
E K, and then the line N M^ making with the 
ground line the angle L M N. \{ we then draw to 
the points G and A the indefinite'perpendiculars Â A 
and G K, ajid through the points * A and H the 
indefinite lines HK and A^, making with the 
ground line angles equal to L M N, and in a 
contrary direction ; these two pairs of lines will 
meet in /3, K, ^, and evidently form an oblique 
parallelogram, which will be the object of whicl^ 
B C D A is the representation, to an eye situated 
opposite to £, and at a distance from the picture 
equal to £ K. 

If the sides A b and c rf, in the rectangle Abcd^ 
were divided into equal parts by lines parallel to the 
other sides, it is evident that these parallels, being 
continued, would cut the line AG into as many 
equal parts. The case would be the same with 
lines parallel to A ^ and c d dividing into equal 
portions, the sides A d and b c : the line A II would 
likewise be divided by them into equal parts. Thus 
we have the means of dividing the trapezium 
A B C D, if necessary, into lozenges, which would 
be the representation of the squares into which 
Abed might be divided. 

We shall give hereafter the solution of a very 
curious problem, in regard to ornamental gardenings 
which is a consequence of the one here solved. 
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OF PLANS MIRRORS. 

Plans mirrors are those the reflecting surface of 
which is plane ; as is the case with the common 
glass mirrors used for decorating apartments. Pla;ne 
mirrors may be made also of metaL Of this kind 
were those of the ancients ; but since the invention 
of glass, metallic mirrors are never used, except 
smsdl ones for certain optical instruments, whçre it 
is necessary to avoid the double reflection produced' 
by glass, onefrom the anterior and the other from 
the posterior surface. It is the latter which gives 
the liveliest image ; for if the silvering be scraped 
from the back of a minor, you will see the bright 
image immediately disappear, almost entirely, and 
that which remains in its place will scarcely be equal 
to that produced by the nearer surface. 

But in catoptrics, in general, the two surfaces of 
it mirror are supposed to be at such a small distsuice 
from each other, as to produce only one image j 
otherwise the determi|iations given by this science 
would require to be greatly modified, 

PROBLEM XXV. 

A point of the object B^ and the -place of the eye Aj 
being given ; to find the point (f reflection on the 
surface of a plane mirror y (fig. 21 pi. 6). 

Through B, the givçn point of the object^ and 
A, the place of the eye, conceive a plane perpen-r 
dicular to the mirror, and cutnng it in the line 
C D : from the point B, draw B D perpendicular 
tp C D, and continue it to F, so that D F and D Q 
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çhall be equal : if through the points F and A, the 
line A F be drawn, intersecting C D in E, the point 
E will be the point of reflection : B E will be the 
incident ray ; E A the reflected ray ; and BED, 
the angle of incidence, and A E C, the angle of 
reflection, will be equal. 

For it is evident, by the construction, that the 
angles BED and D ËF are equal ; but the angles 
D E F and A E C are also equal, being vertical 
angles j therefore &c. 

PROBLEM XXVI. 

The same supposition being made as before ; to find the 
place (f the image of the point B, 

The place of the image of the point B is exactly 
in the point F. But we shall not assign as the 
reason what is commonly given in books on 
catoptrics, viz, that in mirrors of every kind the 
place of the image is in the continuation of the 
reflected ray, where it is intersected by the perpen- 
dicular drawn from the point of the object to the 
reflecting surface : for what effect can this perpen- 
dicular, which is merely imaginary, have to fix the 
image, in this manner, in the point where it meets 
with the reflected ray continued, rather than in any 
other point ? This principle then is ridiculous, and 
void of foundation. 

It is however true that, in plane mirrors, the 
place where the object is perceived, is in the point 
where the above perpendicular meets with the re- 
flected ray produced ; but this is accidental, and 
the reason is as follows. ' 

All the rays which emanate from the object B^ 
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and are Teflected by the mii^or» meet, if produced, 
in the point F : tkûdr arrangement then, m regard 
to the eye, is the same as u they proceeded i^om 
the point F« Consequently they must make the 
-same impression on tha eye, as if the object were 
in F ; for the eye would not be otherwise a&cted 
if they really proceeded from that point. 

Hence it may be concluded diat» in a plane 
mirror, the object apjpears lo be as &r beluiid, ^s it 
ts distant from the mirror* 

4 }c therefore follows, that A F, the distance of the 
image F from the eye;, is equal to the sum of B E^ 
the ray of incidence, and A £ the ray of reflection, 
since B £ and E F are equaL 

Jt thence follows also, that when the plane mirror 
IS paralld to the horizon, as C D, a perpendicular 
object, such as B D, must appear inverted. 

In the last place, "niien we look at ourselves in a 
mirror, the left seexQiS iCo be on the right, and the 
light on the left. 



PROBLEM XXVIU 

Several plane mirrors being given 9 and the place of the 
eye, and of the object ; to find the course of the ray 
proceeding from the otject to the eye^ when reflected 
two^ thrce^ or four timçsf 

Let there be two mhrrors, A B and C D» 
ffig. 22 pi. 6), and let O F E be the perpendicular, 
drawn from the object O to the mirror A B , and 
continued beyond it, so that F £ be equal to O F ; 
and let S H I be the perpendicular drawn from the 
eye to the mirror C D, and continued till H I be 
equal to H S 3 join the points I and £ by the line 
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£ I, which will intersect the mirrors in G and K ;| 
and if the lines O G, G K, and K S be then drawn, 
they will represent the course of the ray, proceeding 
from the point Q to the eye by two reflections. 

Or, from iht point E, the first part of the con- 
struction remaining the same, let £dl, on the mirror 
C D, the perpendicular ELM, ahd continue it 
beyond it, till L M be equal to LE; draw the 
line S M,* intersecting C D in K ; and from the 
point K, the line K E, intersecting A B in G : if 
G p be also drawn, the lines O G, G K, and K flP 
will represent the course of the ray proceeding from 
the point O, and conveyed to the eye by two re- 
flections. 

In this ca^, the point M will be the image of the 
point O, and the distance S M will be equal to thé 
sum of the rays S K, K G, a^d G O. 

If we suppose three inirrors, and three reflections, 
the course which the ' incident ray must pursue, in 
order to reach the eye, may t)e found iii the same 
manner. For this purpose, let O I (fig. 23 pi. 7 ) be 
the perpendicular drawn from the object to the mirror 
A B, and let H I be equal to H O. From the point 
I draw I K perpendicular to C B, produced if ne- 
cessary, and make KM equal to MI: from the 
point K let fall on D C produced thé perpendicular 
KN, and continue it to L, so that LN shall be 
equal to K N : draw S L, which will intersect C D 
in G, and from the point G the line G K, which 
will intersect C B in F ; if the line F I, intersecting 
A B in E, be then drawn from the point F, and 
also the line E O, then, the line E O will be that 
according to which the incident ray mnst fall on 
the first mirror, to reach to eye S, after three re- 
flections at E, Fj and G. 
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In this case the point L ^11 be the apparent 
place of the image of the object, to an eye situated 
in S ; and the distance S L will be e<)ttal to S G, 
G F, F E, and E O, taken all together. * 

The application of this problem is generally 
shewn at the game of billiards ; but as we have 
already treated that subject, under the head me^ 
chanics, the reader is referred to that article. 

: ... ^ »... ^ 

PROBLEM XXVIII» 

Various fraperiies of plane mirrors. 

I. In plane mirrors, the image is always equal 
and similar to the object. For it may be easily 
demonstrated, that as each point of the image seems 
to be as far within the mirror as the object is distant 
from it^ each point of the image is similarly situated^ 
and at an equal distance in regard to all the rest, as 
in the object : the result must therefore necessarily 
be the equality and similarity of the image and 
object. 

II. In a plane mirror, what is on the right appears 
in the object to be on the left, and vice versa. This 
may be easily proved in the following manner. If a 
piece of common writing be held before a mirror» 
it cannot be read : as the word GENERAL, fer 
example, will appear under this form^ LARENEG*; 

« * • • 

"^ This is a mistake ; the letters individually will be 
inverted as well as die ^rd, and instead of LARENEC 
it will be JAffSnfao, as may be proved by trial : to use 
this artifice therefore for secret writing it would be neoet*» « 

èary to invert the shape of c^h letter as well as its «t 

posidon in the word. 
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but, on the other hand, if the latter word be pre- 
sented to the mirror GENERAL will appear.' 
This affords the means of forming a sort of secret 
writing; for if we write from right to left» it 
cannot be read by those ignorant of the artifice ; 
1>ut those acquainted with it, by holdin? the writing 
before a mirror, will see it appear like common 
writing. This method however must not be em- 
ployed for concealing secrets of great importance, 
as there are few persons to whom it is not known. 

ni. In a plane mirror, when you can see yourself 
at full length, at whatever distance you remove 
from it, you will always see your whole body ; and 
the height of the mirror occupied by your image 
will always be equal to the half of your height. 

IV. If one of the sun's rays be made to fall on a 
plane mirror, and if an angular motion be given to 
the mirror, the ray will be seen to move with a 
double angular motion; so that when the mirroF 
has passed oyer 99^, the ray will have passed over 

V. If a plane mirror be inclined to a horizontal 
surface, at ^ angle of 4^^, its image vnll be 
vertical. 

VI. If two plane mirrors be disposed parallel to 
each other ; and if any object, such as a lighted 
taper, be placed between them; you will see in 
each a long series of tapers, which would be exr 
tended in infinitum, did not each image become 
fainter in proportion as the reflections, by which 
they are produced, become more numerous. 

VII. When two mirrors are disposed in sych a 
manner as to form an angle of at least 1 20^, several 
images will be seen, according to the position of the 
eye. If the angle of the mirrors be diminished. 
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without changing the place of the eye, these imaget 
will be seen to increase in number, as if they 
çmerged from behind an ppake body. 

It must be observed, that all these images are in 
the circumference of a circle» described from the 
point where the mirrors meet, and passing through 
the place of the object. 

Father Zacharias Traber, a Jesuit, in his Nervia 
Opticus^ and Father Talcquet, in his Optics, have 
carefully examined all the cases resuldng from the 
different angles of these mirrors, as well as from the 
different positions of the eye and the object. Tq 
these we refer the reader. 

VIII. When a luminous object, such as the flame 
of a taper, is viewed in a plane glass mirror of some 
thickness, several images of that object are per-» 
ceived; the first of which, or that nearest the 
surface of the glass, is less brilliant than the second; 
the latter is the most brilliant of the whole; and 
after it, a series of images less and less brilliant are 
observed, to the number sometimes of live or six. 

The first of these images is produced by the 
anterior surface of the glass, and the second by the 
posterior, which being covered with tin-foil, must 
produce a more lively reflection : it is therefore the 
most brilliant of the whole. The rest are produced 
by the rays of the object, which reach the eye after 
being several times reflected «from the anterior, ar 
well as posterior, side of the mirror. This pheno- 
menon may be explained as follows. 

Let V X (fig. 24 pi. 7) be the thickness of the 
glass, A the object, and O the place of the eye, 
which we shall suppose to be both equally distant 
from the mirror. Of all the small bundlçs of in- 
cident rays, there is one A B, which being refleaed 
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hj die anterior sur&ce in B, is conveyed to the eyer 
by the line B O, and forms at A^ the first image of 
the object. Another, as A C, penetrates the glass, 
and being refracted into the line C D, is wholly 
reflected mto D £, on account of the opacity of the 
posterior side of the mirror, and being again re- 
fracted at £ proceeds to O, and forms at A^ the 
liveliest image of the point A. 

Another small bundle A F penetrates also the 
glass, is refracted along the line F G, and reflected 
in the direction of G B, from which a part of it 
issues, but cannot reach the eye ; the other part is 
reflected in the direction B H, and then into H I, 
from which a small part is' still reflected, but the 
remainder issues from the glass and is refracted in 
the direction of the line I O, by which it reaches 
the eye : . consequently it produces the thii d image, 
at A'^^ weaker than the other two* 

The fourth image is formed by a bundle of in- 
cident rays, which experience, two refractions like 
the rest, and five renexions, viz, three from the 
posterior sur&ce of the glass, and two from the 
anterior. In regard to the fifth, it requires two re- 
fracdons, and seven reflections, viz, three from the 
anterior surface, and four from the posterior ; and 
so of the rest. It may hence be easily conceived 
how much the brightness of the images must be 
diminished, and therefore it is very uncommon to 
see more than four or five. 

PROBLEM XXIX. 

To dispose several mirrors in such a manner^ that yen, 
can see yourself in each of them, at the same time. 
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It may be readily conceived that, to produce 
this effect, nothing is necessary but to dispose the 
mirrors on the circumference of a circle, in such a 
manner, that they shall correspond with the chords 
of that circle ; it you then place yourself in the 
centre, you will see your image in all the mirrors at 
the same time. 

REMARK. 

If these mirrors are disposed according to the 
sides of a regular polygon, of an equal number of 
sides, such as a hexagon or octagon, which seem to 
be fittest for the purpose, and if all the mirrors are 
perfectly vertical and plane, they will form a sort of 
cabinet, which will appear of an immense extait, 
and in whatever p^rt of it you place yourself, yott 
will see your image, and immensely multiplied* 

If this cabmet be illuminated in the inside,* by a 
lustre placed in its caitre, it will exhibit a very 
agreeable spectable, as you will see long rows* oi 
lights towards whatever ^de your sight is directed. 

PROBLEM XXX. 

To measure^ by means (f reflecticnj a vertical beigbiT, 
the bottom of which i> inaceessible. 

We shall here suppose that A B (fig« 25 pl« 7) 
tbe vertical height to be measured, is that of 2^ 
tower, steeple, or such like. Place a mirror at C^ 
in a direction perfectly horizonal ^ or, because this 
is very difficult, and as the least aberration might 
produce a great error in the measurement, place in 
C a vessel containing water t which will reflect the 
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light in the same manner as a mirror. The ey<f 
which receives the reflected ray being at O, measure 
with care the height O D above the horizontal 
plane of the mirror ac C ; measure also D C as well 
as C B, if the latter is accessible, and then say : 
As C D, is to D O, so is C B to a fourth pro- 
portional B A, which will be the height required. 
r But if the bottom of the tower be not accessible^ 

to measure the height A B, we must pioceed as 
follows : 

Having performed every part of the preceding 
operation, except measuring C B, which by the 
supposidon is impossible, take another starion, as r, 
and place there a mirror, or vessel of water : then 
taking your station in t/, from which you can see 
the point A, by means of the reflected r.iy c o^ 
measure c d and do. When this is done, you must 
employ the following proportion : As the diffSerence 
between C D and cd is to C D, so is C r, the di- 
stance between the two points of reflection, to a 
fourth proportional, which will be the distance B C^ 
before unknown. 

When B C is known, nothing is necessary but 
to make use of the proportion indicated in the first 
case, which will give the height A B. 

We do not consider this operation as susceptible 
of much accuracy in practice. Methods purely geo- 
metrical, if good instruments are employed, ought 
always to be preferred; but we should perhaps 
have been considered as guilty of an omission had 
we taken no notice of this geometrico-catoptric 
speculation, though it has never perhaps been put 
in practice. 
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PROBLEM XTXU 

To measure an inaccessible height by means rfiu shadow. 

Fix a stick in a perpendicular direction, on a 
plane perfectly horizontal, and measure the height 
of it above that plane, which we shall suppose to be 
exactly 6 feet. When the sun begins to sink 
towards the hoiizcm in the afternoon, mark on the 
ground which is accessible the point C (fig. 26 pL 8), 
where the shadow of the summit of the tower falU^ 
and also the point c the extremity of the shadow of 
the stick erected perpendicularly on the same plane: 
at the end of two hours^ more or less, mark, as 
speedily as possible, the two points D and dy which 
will be the summits of the shadows at that period ; 
then join the two points of the shadow of the summit 
of the tower, by means of a straight line, and 
measure their distance ; measure also, in like 
manner, the line which Joins the two points c and d 
of the shadow of the sack; after which you will have 
nothing to do but to employ the following propor- 
tion : As the length of the line c d which joins the 
two points of the shadow of the stick, is to the 
height of the stick ab^ so is the length of the line 
CD which joins the two points of the shadow of 
the tower, to the height of the tower A B. 

it requires only an acquaintance with the first 
principles of geometry to be able to perceive, merely 
by inspecting fig. 26, that the pyramids B A P C 
and badc^xt similar ; consequently that cdistoab 
as C D to A B, which is the height required. 



J 



^S4 Plm;é 

t^ROBLEM XXXir. 

i)f some tricks or kinds of illusion, which may be per^ 
formed by means of plum mirrors. 

Many curious tricks, capable of astonishing 
those who have no idea of catopti^ics, may be per- 
formed by the combination of e^eral plane mirrors. 
Sonic of these we shall here describe. 

ist- To fire à pistol over your shoulder and hit a 
mark, with as much certainty as if you took aim at it in 
the usual manner. Fig 27 pL 8. 

To perform this trick, plade befi[>te ycm a plane 
mirror, so disposed, that you can see in it the object 
you propose to hit ; then rest the barrel of the 
pistol on your shoulder and take aim, looking at 
the image of the pistol in the glass as if it were the 
pistol itself; that is, in such a manner^, that the 
image of the object may be concealed by the barrel 
of the pistol : it is evident that if the pistol be then 
fired, you will hit the mark. 

2d. To construct a box in which heavy bodies^ such 
as a ball oflead^ will appear to ascend contrary to their 
Tmtural inclination. 

Construct a square box, as A BCD (fig. 28), 
where one of the sides is supposed to be taken off, 
in order to shew the inside ; and fix in it a board 
H G D C, so as to fonn a plane, somewhat inclined, 
with a serpentine groove in it of such a size, that a 
ban of lead can freely roll in it and descend. Then 
place the mirror H G F I in an inclined position, as 




MIKRORS* 235 

ie&Oi in the figure, and make an aperture oppo^te 
to it at M, in the side of the box» but so disposed 
that the eye, when applied to it, can see only' the 
mirror, and not the inclined plane H D. It may be 
easily perceived that the image of this plane, viz 
H L K O, will seem to be a plane almost verdcal, 
and that a body which rolls from G to C, along the 
sierpentine groove, will J|)pear to ascend in a similar 
direction from G to L. Hence, if the mirror is 
very clean, so as not to be observed, or if only a 
faint light be admitted into the box, which will tend 
to conceal the artifice, the illusion will be greater, 
and those not acquainted with the deception will 
have a good deal of difficulty to discover it. 

3d. To construct a box in which objects shall be seen, 
through one hole^ different from what were seen through 
another J though in both cases they seem to occupy the 
whole box. 

Provide a square box, which, on account of its 
right angles, is the fittest for this purpose, and 
divide it mto four parts, by petitions perpendicular 
to the bottom, crossing each other in the centre. 
To these partitions ^ply plane mirrors, and make a 
hole in each iace of the box, to look through ; but 
disposed in such a mannei-, that the eye can see 
only the mirrors applied to the partitions, and pot 
the bottom of the box. In each tight s^gle of 
division formed by the partitions, place some object, 
which, being repeated in the lateral mhrors, may 
form a regular representation, such as a parterre, ji 
fordfication or citadel, a pavement divided into com- 
partments, &C. That the inside of the box may be 
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sufRciendy lighted, it ought to be covered widi a 
piece of transparent parchment. 

It is evident tl\at, if the eye be applied to each of 
the small apertures formed in the sides of the box, 
it will perceive as many different objects, which 
however will seem. to occupy the whole inside of it. 
The first will be a regulaj parterre, the second a 
fortification, the third a pavement in compartments, 
and the fourth some other object. 

If several persons look at the same dme through 
these holes, and then ask each other what they have 
seen, a scene highly comic to those acquainted with 
the secret may ensue, as each will assert that he saw 
a different object. 

REMARK. 

To render the parchment employed for covering 
opdcal machines, such as the above, mdre trans* 
parent, it ought (o be repeatedly washed in a clear 
ley, which must be changed each time: it is then to 
be carefully extended, and exposed to the air to dry. 

If you are desirous of giving it some colour, you 
may employ, for green, verdigrise diluted in vinegar, 
with the addirion of a little dark green ; for red, an 
infusion of Brasil wood ; for yellow, an infusion of 
yellow berries : the parchment afterwards ought to 
be now and then varnished» 

4th. In a roem on the Jirst floor ^ to see those 'ujl;f0 
approach the door of the house^ xcithout looking out at 
the window^ and without being observed. 

Under the middle of the architrave of the window 
place a mirror, with its face downwards, and a little 
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inclined towards the side of the apartment^ so that 
it shall reflect to the distance of some feet from the 
bottom of the window, or on the bottom itself, objects 
placed before and near the door of the house. But 
as the objects by these means will be seen inverted, in 
which case it will be dif&cult to distinguish them, and 
as it is fatiguing and inconvenient to look upwards, 
fix another plane mirror in a horizontal position, in 
the place to which the image of objects Is reflected 
by the first mirror. As this second mirtor will 
exhibit the objects in theii; proper position, they can 
be better distinguished. They will appear however 
at a much greater distance, and as If placed perpen- 
dicularly on a plane, somewhat inclined, and almost 
in such a situation as they would be seen in if you 
looked downwards from the window ; which will 
be sufficient in general to enablç you to distinguish 
those with whom you are acquainted. 

Two mirrors arranged in this manner are repre« 
sented fig. 2g pi. 8. 

Ozanam, and others before him, who published 
Mathematical Recreations, propose by way of pro- 
blem, to shew a jealous husband what his wire is 
doing in another apartment. To bore a hole near 
the ceiling in the partition wall which separates two 
apartments, and fix a horizontal mirror, half iii the 
one room and half in the other, to refflect by means 
of another mirror placed opposite to it, the image 
of what might take place in one of these rooms, is 
certainly an ingenious idea ; but there is reason to 
think that neither Ozanam nor his predecessors 
were jealous husbands, or that the^ had a singular 
dépendance on ths folly and stupidity of th« two 
lovers» 
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PBOrBLEM XXXIII. 

Ti inflame objects ^ at, a considerable distance^ By means 

of plane mirrors. 

Arrange a great number of plane mirrors, eacFr 
about six or eight inches square, in such a manner 
that the solar rays reflected from them may be 
imited in one focus» It is evident, and has been 
proved by experience, that if there are a sufficient 
number of these mirrors, as loo or i jo for example, 
they -will produce in their common focus a heat ca- 
pable of inflaming combustible bodies, and even at 
a very great distance. 

This was, no doubt, the invention^ employed by 
' Archimedes, if he really burnt the fleet of Marcellus 
by means of burning mirrors,* as we are told in 
history ; for Kircher, when at Syracuse,, observed 
that die Roman ships could not have been at a less 
distance from the walls of the city than twenty-three 
paces. But it is well known that the focus of a con* 
cave spherical mirror is at the distance of half its 
radius ; consequently the mirror employed by Ar- 
chimedes muijt have been a portion of a sphere of 
at least 46 paces radius, the construction of which 
would be attended with insurmountable difficulties. 
Besides, can it be believed that the Romans, at so 
short a distance, would have suffered him to make 
use of his machine without interruption ? On the 
contrary, would they not have destroyed it by a 
shower of missile weapons ? 

Anthemius of Tralles, the architect and engineer 
who lived under Justinian, is the first who, accord- 
ing to the account of Vitellio, conceived the idea, 
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of emplôyitig p&ne mirrors for burniog*; but wt 
are not told whether he ever carried this method 
into execution. It is to BuSbn that we are indebted 
for a proof of its being practicable. In the year 1747, 
this eminent naturalist caused to be constructed a tnsb^ 
chine consisting of 360 plane mirrors, each 8 inches 
square, and all moveable on hinges in such a man<> 
ner, that they could be made to assume any position 
at pleasure. By means of this machme he was able 
to bum wood at the distance of 200 feet* . Buifon's 
curious paper on this subject may be seen in the 
Memoirs of the Academy of Sciences for the yeai: 
1748. 

That the ancients made use of burning glasses is 
evident from a passage in a play of Aristophanes, 
called the Clouds, where Strepsiades tells Socrates^ 
that he had found out an excellent method to defeat 
his creditors, if they should bring an action against 
him. Hii contrivance was, that be would get from 
the jewellers a certain transparent stone, -which was 
used for kindling fire, and then, standing at a di* 
stance, he would hold it to the sun, and melt down 
the Wax on which the action w^ virritten. 

The astonislung philqsophico-militvy expl(»t of 
Archimedes may deserve some farther notice. .That 
exploit has htea recorded by Diodorus Siculus, 
Lucian, Dion, Zonaras, Galen, Anthemius, Tzetz^ 
and other ancient writers. The account of Tzetzes 
is so particular^ that it suggested to father Kircher 
the specific method by which Archimedes probably 
effected his purpose. ^^ Archimedes," says that au« 
thor, *^ set fire to the fleet of Marcellus by a bum* 

^ Histoire des Mathématiques par Montucla^ vol. I. p. 
328. 
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îng glass, composed of small square mirrors, mov^ 
îng every way upon hinges ; and which, when 
placed in the sun's rays, reflected them on the Ro- 
man fleet, so as to reduce it to ashes at the distance 
of a bow-shot.'^ This account gained addidonal 
probability by the effect which Zonaras ascribes to 
the burning mirror of Proclus, by which he affirms, 
that thjB fleet of Vitellius, when besieging Byzan- 
tium, now Constantinople, was utterly consumed* 
But perhaps no historical testimony could • have 
gained belief to such extraordinary facts, if similar 
one$ had not been seen in modem times. In the 
Memoirs of the French Academy of Sciences for 
1726, p. 172, wie read of a plane mirror, of 12 
inches square, reflecting the sun^s rays to a concave 
piirror 16 inches in diameter, in the focus of which 
bodies were burnt at the distance of 600 paces. 
Speaking of this niirror, father Regnault asks, (ih 
his Physics, vol. 3. disc. 10), " What would be the 
effect of a number of plane mirrors, placed in a 
hoUow truncated pyramid^ and directing the sun's 
jays to the same point ? Throw the focus, said he, 
a little farther, and you re-discoyer or verify the 
secret of Archimedes.** This was actually effected 
by M. Buffon : in the year 1747 he read to the 
Academy ah account 01 a mirror, which he had 
composed of an assemblage of plane mirrors, which 
made the sun's rays converge to a point at a great 
distance. 

Of Spherical Mirrors both Concave and Convex;. 

A spherical mirror is nothing else than a portion of 
2^ sphere, the surface of which is polished so as to re- 
flect the light in a regular manner. If it be the 
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convex sur&ce that is polished^ it will form a con- 
vex spherical mirror ; it it be the concave surface, it 
will be a concave mirror. 

V^e must here first observe, that when a ray of 
light falls' on any curved Surface whatever, it will be 
reflected in the same manner as from a plane touch- 
ing the point of that surface where it falls. Thus, if 
a tangent be drawn at the point of reflection to the 
surface of a spherical mirror, in the plane of the in- 
cident ray and of the centre, the ray will be re- 
flected, making with that tangent an ang^e of flec- 
tion equal to tne angle of incidence. 

PROBLEM XXXIV. 

The place of an object^ and that of the eye being given ; 
to determine in a spherical nùrror^ the point of re* 
flection, and the place of the image. 

The solution of these two problems is not so 
easy in regard to spherical as to plane mirrors^ 9 for 
when the eye and the object are at unequal distances 
from the mirror, the determination of the point of 
reflection necessarily depends on principles which 
require the assistance of the higher geometry ; and 
this point cannot be assigned in the circumference of 
the circle wnhout employing one of the conic sec- 
tions. For this reason, we shall omit the construc- 
tion, and only observe that there is one extremely 
simple, in which two hyperbolas between their 
asymptotes are employed : one of these determines 
the point of reflection on the convex surface, and 
the second the point of reflecdon on the concave 
surface. 

It will be suflicient for us her6 to take, notice of 
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one prcfpettj belonging to this point. Let B be the 
object (fig. 30 pi. 9), A the place of the eye, È 
the pomt of reflection from the convex surfece of the 
spherical mitror D E L, the centre of which is C ^ 
als0^ let F G be a tangent to the point E, in the plane 
of the lines B C and A C, which it meets in I and 
i ; and let the reflected ray A E, when producedj^ 
intersect the line B C in H : the points H and I 
vnR be so situated, that we shall have the following 
, • proportion: as BC is to CH, so is BI to IH. 
• hi Rke manner, if B E be produced till it meet 
A C in A, we shall have, A C : C /& : ; A / : i h ; 
proportions which will be equally true in the case of 
reflection from a concave suiface. 

In. regard to the place of the image, opdciana 
have long admitted it as a principle that it is in the 
point H, where the reflected ray meets the perpen- 
dicular drawn from the object to the mirror. But 
this supposition, though it serves pretty well to 
shew how the images of objects are less in convex^ 
and larger in concave, th^ they are in plane mir- 
rors, has no foundation in physics, and at present 
is considered as absolutely false. 

A more philosophical principle advanced by Dr. 
Barrow is, that the eye pei ceives the image of the 
object in that point where the rays forinîng the small 
divergent bundle, which enters the pupil of the eye, 
meet together. It is indeed natuial to think that 
this divergency, as it is greater when the object is 
near and less when it is distant, ought to enable the 
eye to judge of distance. 

•By this principle also we are enabled to assign a 
pretty plausible reason for the diminution of objects 
in convex, and their enlargement in concave mir- 
rors : for the convexity of the former renders the 
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rays, which compose each bundle that enters the 
eye, more divergent than if they fell on a plan^ 
mirror ; consequently the point where they meet in 
the central ray produce, is much nearer. It may. 
even be demonstrated, that in convex mirrors it i$ 
much nearer, and in concave much farther distant 
than the point H, considered by the ancients, and 
the greater part of the moderns, as the place of the 
image^ In a word, it is concluded that in conyea; 
mirrors this image will be still more CQntracted« «uicl 
in concave ones more extended, than the ancients 
supposed ; which will account for the apparent en- 
largement of objects in the latter, and their -diminu- 
tion in the former. 

We musjt however allow that even this principle 
is attended with difficulties, wjuch Dr. Barrow, the 
author pf it, does not conceal, and to which he con* 
fesses he never saw a satisfactory answer. This in- 
duced Dr. Smith, in his Treatise on Optics, to pro- 
pose another ; but we shall not here ^ter into a. 
discussion on this subject, as it would be too dry 
and abstruse for the generality of readers. 

PROBLEM XXXV. 

The principal properties of spherical mirrors, botb 

convex and concave. 

4 

I St. Th£ first and principal property of convex 
inirrors is, that they represent objects less than they 
would be if seen in a plane mirror at the same di- 
stance. This may be demonstrated independently of 
the place of the image : for it can be shewn that the 
extreme rays of an object, however placed, which 
çnter the eye after being reflected by a convex mir« 
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TOT, form a less angle, and consequently paint a 
less image on the retma, than if they had been re- 
flected by a plane mirror, which never changes that 
angle. But, the judgment which the eye in ge- 
neral forms respecting the magnitude of objects, 
depends on the magnitude of that angle, and that 
image, unless modified by some particular cause. 

On the other hand, in concave mirrors it may be 
easily demonstrated, that ihe extreme rays oi an 
object, in whatever manner situated, make a greater 
aagle on arriving at the eye than they would do if 
Tenected from a plane mirror ; consequently the 
appearance of the object, for the above reason, must 
be much greater.* 

2. In a convex mirror, however great be the 
distance of the object, its image is never farther 
from the surface than half the radius *, so that a 
straight line perpendicular to the mirror, were it 
even infinite, would not appear to . extend farther 
within the mirror, than the fourth part of the dia- 
meter of the circle of which it is a segment. 

But in a concave mirror, the image of a line per- 
pendicular to the mirror is always longer than the 
line itself ; and if this line be equal to half the ra- 
dius, its image will appear to be infinitely produced. 

3. In convex mirrors, the appearance of a cun^- 
cd line, concentric to the mirror, is a circular line 
also concentric to the mirror ; but the appear- 
ance of a straight line, or plane surface, presented 
to the mirror, is always convex on the outside, or 
towards the eye. 

In a concave mirror, the contrary is the case; 
the image of a rectilineal or plane object appears 
concave towards the eye. 

4th. A convex mirror disperses the rays j that is 
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to say, if they fail on its surface parallel, it reflects 
them divergent ; if they fell divergent, it reflects 
them still more divergent, according to drçuiii« 
stances. 

On this property,, of concave spherical mirrors, 
is founded the use made of them for collecting thQ 
sun's rays into a small space, where their heat, mul- 
tiplied in the ratio of their condensation, produces 
astonishing effects. But this subject deserves to bç 
treated of separately- 

PROBLEM XXXVI. 

Of Burning Mirrors. 

• 

The properties of burning mirrors may be de« 
duced from the following proposition : 

If a ray of light fall very near the axis cf a cohcave 
spherical surface^ and parallel to that axis^ it will be 
reflecttJ in such a mrmner^ as to meet it at a distance 
from the mirror nearly equal to half the radius. 

For let ABC (fig. 31 pi. 9) be the concave 
surface of a well polished sphericsd mirror, of which 
D is the centre, and D B the semi-diameter in the 
direction of the axis ; if £ F be a ray of light pa- 
rallel to B D, it will be reflected in the direcdon of 
F G, which win intersect the diameter B D in a 
certain point G. But the point G will always be 
nearer to the surface of the mirror than to the 
centre. For if the radius D F be drawn, we shall 
have the angles D F £ and D F G equal, conse- 
quently the angles D F £ and G D F will also be 
equal, since the latter, on accoimt of the parallel 
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Goes F E and B D^ is equal to D F E : the tiiangle 
DGF thçn is isosceles, and G D is equal to G F ; 
Imt G F is always greater than GB; whence it 
foUows that P G also^ is greater than G B j the 
point G therefore is nearer the surface of the mirror 
than the centre. 

But when the arc B F is exceedingly smalt, it is 
well known that the diflPerence between G F and 
G B will be insensible ; consequently, in this case, 
the point G will be nearly in the middle of the 
radius. 

This is confirmed by trigonometry ; for if the arc 
B F be only 5 degrees, and if we suppose the semi- 
diameter D B to be 1 00000 parts, the line B G 
will be 49809, which differs from half the radius 
bot J ^Vq'c part only, or less than t^** I^ îs 
even found, that as long as the arc B F does not 
exceed 15 degrees, the distance of the point G 
fiom half the semi-diameter is scarcely a 56th part. 
Hence it appears, that all the rays which fall on a 
concave mirror, in a direction parallel to its axis, 
and at a distance from its summit not exceeding 15* 
degrees, unite at a distance from the mirror, nearly 
equal to half the semi-diameter. Thus, tJie solar 
rays, which are sensibly parallel when they fall on 
this concave surface, will be there condensed, if not 
Into one point, at least into a very small space, 

* The calculation in this case is easy. For, the arc B F 
king given, we have given also the angle B D F, as well 
aa G F D, which is equal to it, and consequently the angle 
DGF, which is the supplement of their sum to two right 
angles. In the triangle DGF then, we have given the 
three angles and a side, viz. D F, which is the radius ; and 
therefore, by a very simple trigonometrical analogy, we can 
find the side D G or G F, which is equal to it^ 
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where they will produce a powerful heat, so much 
the stronger as the breadth of the mirror is greater. 
For this reason the place where the rays meet is 
called the focus, or burning point. 

The focus of a concave mirror then is nota point : 
it has even a pretty sensible magnitude. Thus, for 
example, if a mirror be the portion of a sphere of 
JS feet radius, and form an arc of 30 degrees, whkh 
gives a breadth of somewhat more than three feet. 
Its focus ought to be about the 56ch part of that 
size, or between 7 and 8 lines. The rays, there- 
fore, which fall on a circle of 3 feet diameter, will 
for the most part be collected in a circle of a dia«> 
meter 56 times less, and which consequently is only 
the 3136th part of the space or surface. It may 
hence be easily conceived what degree of heat such 
mirrors must produce, since the heat of boiling 
water is only triple that of die direct rays of the sun, 
on a fine summer's day. 

Attempts however have been made to construct 
mirrors, to collect all the rays of the sun into one 
point. Fpr this purpose it would be necessary to 
give to the polished surÊice a parabolic curve. For 
let CBD be a parabola (fig. 32 pi. 9), the axis 
of which is A B : we here suppose that the reader 
has some knowledge of conic sections. It is well 
known that in this axis there is a certain point F, 90 
situated, that every ray, parallel to the axis of this 
parabola, will be reflected exactly to that |KXiil:, 
which on dûs account has been called ùkefocm, if 
. die concave surface therefore of a parabolic spheroî4 
be well polished, all. the 5olar ray^, parallel tg eadi 
other, and to the axis, will be, united in one point, 
and will produce there a heat ittuch ntf ooger dian 
if jdie sojriÈLce had been ^spherical. 
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REMARKS. 



I. As the focus of a spherical imrror is at the 
distance of a fourth part of the diameter, the im- 
possibility of Archimedes being able, with such a 
mirror» to bum the Roman ships, supposing their 
distance to have been only 30 paces, as Kircher say$ 
he remarked when at Syracuse, may be easily con- 
ceived ; for it would have been necessary that the 
sphere, of which his mirror was a portion, shoulcl 
have had a radius of 60 paces ; and to construct 
such a sphere, would be impossible. A parabolic 
mirror would be attended with the same inconve- 
nience. Besides, the Romans must have been won- 
derfully condescending, to suffer thetnselves to be 
burnt so near, without deranging the machine. If 
the mathematician of Syracuse therefore burnt the 
Roman ships by means of the solar rays, and if 
Proclus, as we are told, treated in' the same manner 
the ships of Vitellius, which were besieging Byzan- 
tium, they must have employed mirrors of another 
kind, and rould succeed only by an invention si- 
milar to that revived by Buffon, and of which he 
shewed the possibility. See Prob. 33. 

The ancients made use of concave mirrors to 
rekindle the vestal fires. Plutarch, in his life of 
Numa, says that the instruments used for this pur- 
pose, were dishes, which were placed opposite to 
the sun, and the combustible matter placed in the 
centre ; by which it is probable he meant the ibcus, 
conceiving that to be at the centre of the mirrorV 
concavity. 

II. We cannot here omit to mention some mirrors 
celebrated on account of their size, and the effects 
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they produced j one of them was the work of Set- 
tala, a canon of Milan : it was parabolic, and, ac- 
cording to the account of father Schott, inflamed 
wood at the distance of 1 5 or 1 6 paces. 

Villette, an artist and optician of Lyons, con-* 
atructed three, about the year 16705 one of which 
was purchased by Tavemier, and presented to the 
king of Persia ; the second was purchased by the 
king of Denmark» and the third by the king of 
France. The one last mentioned was 30 inches in 
diameter, and of about 3 feet focus. The rays of 
the sun were collected by it into the space of about 
half-a-guinea. It immediately set fire to the greenest 
wood ; it fused silver and copper in a few seconds ; 
and in one minute, more or less, vitrified brick, 
flint, and other vitrifiable substances. 

These mirrors however were inferior to that con- 
structed by baron von Tchirnhausen, a,bout 1687, 
and of which a description may be found in the 
Transactions gf Leipsic for that year. This mirror 
consisted of a metal plate, twice as thick as the 
blade of a common knife ; it was about 3 Leipsic 
ells, or 5 feet 3 inches^ in breadth, and its focal 
distance was ^ of these ells, or 3 feet 6 inches : it 
produced the following eflfects : 

Wood, exposed to its focus, immediately took 
fire ; ai^d the most violent wind was not able to ex- 
tinguish it. 

Water, contained in an earthen vessel, was uu 
standy thrown into a state of ebullition ; so that 
eggs were boiled in it in a moment, and soon afoer 
the whole water was evaporated. 

Copper and silver passed into fusion in a few tm« 
Dutes, and slate was transformed into a kind pf 
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black glass, which» when laid hold of witti a patf 
of pincers» could be drawn out into filam.ents. 

Brick was fused into a kind of yellow glassy 
pumice scone and firaçmcnts of crucibles, which had 
withstood the most violent furnaces, were also vitri-* 
fied, &c. 

Such were the effects of the celebrated mirror of 
baron von Tchimhausea ; which afterwards came 
into the possession of the king of France; and 
which was kept in the yurdin du Roi^ exposed to 
the mjuries of the air, which in a great measure de-» 
stroyed its polish. 

But metal is not the only substance of which 
burning mirrors have been made. We are told by 
Wolf, that an ardst of Dresden» ftamed Gacrtner» 
constructed one in imitadon of Tchimhausen's mir- 
ror, composed only of wood» and which produced 
effects equally astojiishing. But this author does 
not inform us in what manner Ga^rtner was able to 
give to the wood the necessary polish. 

Father Zacharias Truber however seems to have 
supplied this deficiency, by informing us in what 
manner a burning mirror may be constructed with 
wood and leaf-gold ; for nothing is necessary but to 
give to a piece of exceedingly dry and very hard 
wood, the form of the segment of a concave sphere» 
by means of a turning machine ; to cover it in a 
uniform manner with a mixture of pitch and wax, 
and then to apply bits of gold leaf, about three or 
four inches in breadth. Instead of gold leaf, small 
plane miiTors, he says, might be adapted to the con- 
cavity, and it will be seen with astonishment, that 
the effect of such a mirror is little inferior to that' of 
a mirror made entirelv of metal. 
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Father Zahn mentions something more singular 
than what is related by Wolf of the artist of Dres- 
den, for he says that an engineer of Vienna, in the 
year 1699, made a mirror of paste-board, covered 
on the inside with straw cemented to it, which was 
so powerful as to fuse all metals. 

Concave mirrors of a considerable diameter, and 
which produce the same effect as the preceding, 
may be procured at present at much less expence. 
For this advantage we are indebted to M. de Ber* 
nieres, one of the controllers general of bridges and 
causeways, who discovered a method of giving the 
figure 01 any curve to glass mirrors ; an invention 
which, besides its udlity in opdcs, may be applied 
to various purposes in the arts. The concave mir- 
rors which he constructed, were round pieces of 
glass bent into a spherical form ; concave on one; 
side and convex on the other, and silvered on the 
convex side. M. de Bernieres constructed one for 
the king of France, of 3 feet 6 inches in diameter, 
which was presented to his majesty in 1757. Forg. 
ed iron exposed to its focus was fused in two se- 
conds : silver ran in sych a manner that when 
dropped into water it extended itself in the form of 
a spider's web ; flint became vitrified, &c. 

These mirrors have considerable advantage over 
those of metal. Their reflection from the posterior 
surface, notwithstanding the loss of rays, occasioned 
by their passage through the first surface is sdll 
more lively than that n-om the best polished me- 
tallic surface ; besides, they are not subject, like 
metallic mirrors, to lose their polish by the contact 
of the air, always charged with vapours which cor- 
rode metal^ but which make no impression on glass : 

VOL. II. • s 
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îa a word, nothing is necessary, but to préserve them 
from moisture, which destroys the silvering* 



PROÈLEM XXXVU. 

Some properties of concave mirrors^ in regard io vision^ 

or the formation of images. 

I. If an object be placed between n coticàYé 
mirror and its focus, its image is seen withiii tSe 
mirror, and more magnified the nearer the ofc^ct 
is to the focus ; so that when the object is inthtf 
focus itself, it seems to occupy the whole c^>adty 
of the mirror, and nothing is seen distinct* 

If the object, placed in the focUs, bé a hiÈmnous 
body, the rays which proceed from it, after being 
reflected by the mirror, proceed paraltef to each 
other,- so that they form a cylinder of Bghf , ex- 
tended to a very j^eat distance, and almost Without 
diminution. '1 his column of light, if the obserter 
stands on one side, will be easily perceived when it 
is dark ; and at the distance of more than a hundred 
paces from the mirror, if a book be held before 
tliis light, it may be read. 

II. If the object be placed between the focus 
and ihe centre, and if the eye be either beyond the 
centre, or between the centre and the focus, it eart- 
not be distinctly perceived, as the rays reflected by 
the Jîrirror are convergent. But if the objett be 
strongly illuminated, or if it be a luminous body 
itself, such as a candle, by the union of its rays 
there will be formed, beyond the centre, an image 
in an inverted situation, which will be painted on a 
piece of paper «or cloth at the proper distance, or 
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vrhich, to ah éyë plàéëd bëyoïid It, tHlI appeat 
suspended ihthè aii*. 

Itt. The casé will bé nèài-ly thè tome when the 
object ÎS beyond the centfCj in regard fo the Inîrrôr : 
âii inverted îtnage of the object l^ill be painted then 
betT^èen the focus and the centre j and this iitiagé 
will api3roach the centre ih profJortion as the object 
itself approaches it ; or will approach the focus aâ 
the objett removes from it; 

In regard to the place where the image will be 
painted in both these casés, it may be fotind by the 
tolldtdng mie. 

Let ACS (fig. 33 pi. 9) be the axis of the 
inirror, indefiiiitely produced ; F the fbcufe, C the 
centre, and O thfe place of tht object, betweeii the 
centre and the focus. If F «^ be taken a third pro- 
portional tb F O and F C, it ^ill represent the di- 
stance at whiich the image of the pbiiit placed in O 
will be painted. 

If the objbct, be in «^ by ëiiiplèying the same 
propoi-tiotl, with the proper changés^ that is by 
making F O a third proportional to F • and F G^ 
as ill by the image of it lAll be found in Ô. 

In tne last ^lace, if the object be between the 
focus and thé glass, the place whete it will be 
observed vHthin the mitror, may bé fouitd by 
rbaking F 6> to F A, as F A to F e^ 

REMARKS. 
». 

Ï St. This property which concave jtAtron have, 
of forming between the ceritl^ and the focus^ or 
beyond the centre, an image of the. objects pte- 

sented to them, is one of those which excite the 

^ • • • « 

greatest surprise m persons not acquainted with this 
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theory. For if. a man advance towards a lame 
concave mirror, presenting a sword to it, when he 
comes to the proper distance, he will see a sword 
blade, with the point turned towards him, dart 
itself from the mirror ; if he retires the image of 
the blade will retire ; iJF he advances in such a man- 
ner that the point shall be between the centre and 
the focus, the image of the sword will cross the 
real sword as if two people were engaged in fight- 

2d. If, instead of a sword blade, the hand be 
presented at a certain distance ; you will see a hand 
formed in the air in an inverted situation ; which 
will approach the real hand, when the latter ap- 
proaches the centre, so that they will seem to meet 
each other; 

3d. If you place yourself a litde beyond the cen- 
tre of the mirror, and then look directly into it, 
you will see beyond the centre the image of your 
face inverted. If you then continue to approach, 
this phantastic image will approach also, so that 
you can kiss it. 

4th. If a nosegay be suspended in an inverted 
situation (fig. 34 pi. 9), between the centre and the 
focus, a little below the axis^ and if it be concealed 
from the view of the spectator, by means of a piece 
of black pasteboard, an upright image of the nosegay 
will be formed above the pasteboard, and will ex- 
cite the greater astonishment, as the object which 
produces it is not seen ; for this reason those not 
acquainted with the deception will take it for a real 
object, and attempt to touch it *. 

* Curious spectres, and appearances, formed in this 
manner, have of late years been exhibited as shows to 
spectators in London. 
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5th. If a concave mirror be placed at the end of 
a hall, at an inclination nearly equal to 45^, and if 
a print or drawing be laid on a table before the 
mirror, with the bottom part turned towards it, the 
figures in the print ordrawmg will be seen greatly 
magnified ; and if a proper ar rangemen;t be made, 
so. as to fevour the illusion, that is if the mirror be 
concealed, and only a small hole left for looking 
through, you will imagine that you see the objects 
themselves. 

On this principle are constructed what are called 
Optical boxes, which are now very common: the 
method of constructing them will be found in the 
following problem. 

PROBLEM XXXVIII. 

■ » 

I 

To construct an optical box or chamber j in which ob- 
jects are seen much larger than the box itself. 

Provide a square box, of a size proper to con« 
tain the concave mirror you intend to employ ^ that 
is to say, let each side be a little less than the focal 
distance of the mirror ; and cover the top of it 
with transparent parchment, or white silk, or glass 
made smooth, but not polished. 

Apply the mirror to one of the vertical sides of 
the box, s^id on the opposite side place a coloured 
print or drawing, representing a landscape, or sea- 
port, 0r buildings, &c. The print ought to be in- 
troduced into the box by means of a slit, so that 
it can be drawn out, and another substituted in its 
place at pleasure. 

At the top of the side opposite tp the mirror, a 
round hole or aperture must be made, for the pur- 
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pose of looking through ; and if the eye be applied 
to this hp^e» the Qbjççt^, represented in the print, 
will be seen very much magnified: those who 
look at them, viU think they T^y behold build- 
ings, trees, &c. 

We have seen some pf th^se machines, which by 
their construction» the size of the mirror, smd the 
correctness of the colouring, exhibitçd a spectacle 
highly agreeable and amusing* 

Of cylindricj or conical^ fe^r, mirrors^ and ibe antumor^ 
phases which may be performe4 (^ nveans tfthem. 

There' are other curved mirrors, besides those 
already mentioned ; such V^ cyli^dric and conical 
mirrors, by means of which, effects very curious 
are' produced. Thus, for example, a figvire m^y 
be drawn on a planç so distorted, that it viU be 
almost impossible to tell what it is ; but by placing 
a cylindric or conical mirror, as well as the eye, in 
a certain position, the figure will appear in its just 
proportions. The method by which this is done, 
is as follows. 

PROBLEM XX3(IX. 

To describe^ on an horizontal plane^ a distorted figure^ 
which when seen from a given pointy as reflected 
from the convex surface of a right cylindtic mirror^ 
shall appear in its proper proportions. 

Let ABC (plate lo fig. 35 N^ i and 2) be 
the base of a portion of the cylindric polished sur- 
face, which is to serve as a mirror ; and let A C be 
its chord. In the radius perpendicular to 4C, and 
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indefiniteiy produced, as8un>e the point O, wfaidbt 
corresponds perpendicularly with die pUce of thte 
eye above it. This point O must be at a moderate 
distance from the mirror, and raised above the 
plane of the base only 3 or 4 times the diameter 
of the cylinder. It is proper that it should be at 
such S' distance from the mirror, that the lines O A 
and O Cj drawn from it, shall make with the cy- 
lindric surface a moderatdy acute angle ; fof if the 
lines O A and O C were tangents to the points A 
and C, the parts of the objects seen by tlîese rays 
would be very much contracted, and appear con- 
fused. 

The point O being thus determined, and baviog 
drawn th^ lines O A and O C, draw also A.D and 
C ^ indefinitely, in such a manner, that they shaU 
form, wicb the cyUndric surface or the circumfe* 
rence of the base, angles equal tx> jJbfose formed with 
them by the lin^ss O A and O C ; so that, if the. 
lines O A and O Ç be considered as incident rays, 
A I> and C E may represent the reflected rays. 

Then divide A C into four equal parts, and form 
on it a square, which must be divided into 16 other 
small equal squares. To the points of divisioif 2 
and 4 draw thç lines O 2, O 4, emitting the mirror 
in F and H ; from which points draw indefinitely 
F G and H I,, so that the latter lines shall be the' 
reflected rays corresponding to the lints O F and 
O H, considered as incident rays. 

When this is done, on the extremity O, of die 
indefinite line P O, (N^ a) raise the porpeildiculaf . 
O N, equal to the height of the ey^ above the plane 
of the' mirror: make O Coequal to OA; and 
from the point Q raise the perpendicular Q 4, 
equal to A C, which must be divided mto four 
equal part3 : thm draw> frpxa the point K» through 
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these points of division, straight lines, which bdng 
produced will cut the line O OP in the points I, 
11^ III, IV. Transfer these divisions, in the same 
order, to the radii A D and C E, so that A I, A II, 
A III, A IV, shall be respectively equal to Q I, 
QU, Ct.IlI, C^IV. 

rroceed in the same manner to divide the lines 
F G and H I into four unequal parts, as F 1, F II, 
FUI, FIV; HI, H II, H in, HIV; and divide, 
in the like manner, the line B IV ; notlung then 
will be necessary, but to join by curved lines the 
similar points of division in these 5 lines ; which 
may be easily done, by taking a very flexible rule, 
and bending it, so as to make it touch or bear 
on these points. But if these points be joined, three 
and three, by circular arcs, they «will not deviate 
much from the truth. These circular or curved 
arcs, with the straight lines A IV, F IV, B IV, H IV, 
C IV, will form portions of circular rings, very ir- 
regular indeed, but which will correspond to the 
1 6 squares into which A C was divided ; so that 
the mixtilineal area a will correspond to the square 
a ; the area b to the square by c to Cj d to ^, and so 
of the rest. 

If a regular figure then be described on the square 
AC, and if what is contained in the small square 
a be transferred into the area a of the base^ length- 
ening or contracting the parts as may be necessary, 
you will obtain, if you proceed in the same manner 
with the rest, a figure exceedingly irregular and 
distorted, which, when seen in the cylindric mir- 
ror, by the eye placed properly above the point 
O, will appear regular and in its true proportions ; 
for it is demonstrated, in the theory of cylindric 
mirrors, that all these irregular areas must appear 
to form the square of A C and its divisioos, ox 
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nearly so. Wc say nearly, because this construc- 
tion is not geometrically perfect, and cannot be, 
on account of the indecision in regard to the 
place of the image in mirrors of this kind. This 
construction however succeeds so well, that objects 
which cannot be distinguished on the base o/ the 
mirror, will be pretty regular in their representatioiL 
But we must observe that, for this purpose, the 
eye ought to be applied to a sight or hole, of a few 
lines diameter, raised perpeiSicularly, above the 
point O, to a height equal to O N. 

REMARK. 

Instead of a cylindric mirror, one in the form of 
a right prism may be employed ; but, to see a rfr>' 
gular and well proportioned image, it must be trans- 
ferred into pai ts of the base not contiguous, buc 
parallelograms resting on the base, and arranged in 
the form of a fan, with triangular intervals between 
every two. Any particular subject may be painted 
in these intervals, so that when the mîrror is placed 
in the proper position, some object different from 
what is represented shall be seen. But we shall 
not enter into farther details respecting this ana- 
morphosis; as we mean to give that of the pyra- 
midal mirror, which produces a similar effect. This 
is a problem on which beginners may exercise thdr 
ingenuity, and which can hç solved without much 
difficulty. 

PROBLEM XL. 

^0 describe^ on a horizontal plane j a distorted Jigurej 
%vhicb shall appear in its proper proportions ^ when 



f$0 . OPTICA^, 

. ^een as reflected by a c&meal mirr$r from a ghen 
point in the, axis ^ tlnU conç produced. 

ARoyND the place which ypu intend the distort» 
f4 fig\Jre to occupy, describe a circle A B C D (pK 
|o fig- 36 N*" I and %)y qï any size at pleasure, 
4lid divide the circumference of it into any number 
of equal parts : from the centre £, draw, through 
the points of division, as many aemi-diamcters, one 
^ which, as A £ or D £, mu^t ^so be divided into 
a certain number of equal parts. Then from £, as 
a centre, describe, through the points of division, 
as many circles, which with the preceding semi- 
diameters will divide the space terminated by the 
first and greatest circle A B C D, into s^rveral small 
spaces \ and these will serve to contain the figure, 
and to distort it on the horizontal ^\^x^f around 
the b2^e F G' H I of the conical mirror, in the fol- 
lowing manner. 

Having assumed the circle F G H I (fig. 36 
N^ 3), the centre of which is O, as the base of the 
cone, construct apart the rightangled triangle KLM 
(N^ 2)^ the base of which K L is equal to the semi- 
diameter O G of the base of the cone; and the 
height K M equal to the height of the cone. Con- 
tinue this height to N, so that the part M N shall 
be equ^l to the distance of the eye from the point 
of the cone, or the whole line K N equal to the 
height of the eye above the base of the cone. Hav- 
ing divided the base K L into as many equal parts 
as the semi-diameter A E or DE contains of the 
prototype, draw from the point N, through the 
points of division P, O, R, as many straight lines ; 
which will give in the hypothenuse LM, represent- 
ing the side of the cone, the points S, Ï, V ; at the 
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point V naake the aagle L V i, eçmal to the sgiglc 
L \^ R ; at the point T the angle L T 2, equal to 
the angle JL. T C^ at the poli^t S the angle L S 3, 
equal to the angle L S P ; and at the point M, 
which represents the summit of the cone, the 
angle L M 4, equal to the angle I. M K, in order 
to have, in the base K L produced, the points i, 

2, 3^ 4- 
Then from O, the centre of the base F G H I 

of the conical mirrpr, and with the distanced K i, 

K 2, K 3, K 4, describe circles representiM those 

of the pototype A B C D, the largest ot which 

must be 4ivided ii^tp as many equal parts as thç 

circijmference A B C D ; and from the centre O, 

dra^' semi^di^Yi^eters through the points of divisioi), 

which will give on the horizontal plane ^s many 

small distorted spaces, as those in the prototype 

A B C D ; and mto these the figure of the protor 

type may consequently be transferrçd. This im^ge 

wil} be very mvich (distorted on the horizontal plane, 

yet by reflection from the surface, of the conical 

mirror, placed ofi the circle F G H I, will appear in 

its just proportions, if the eye be situated perpendi* 

cularly above the centre O, and at a distance froQi 

it equal to the' line K N. 

REMAilK. 

In order to. ^void deception in transferring what 
is in the prototype ApCD ipl. 10 fig. 36 N^ 
I & 2), to the horizontal plane, care must be taken 
that what is most distant from the centre £ shall be 
nearest thç base F G H I of the conical mirror ; asi 
is seen by the sam^ letters a^ b^ r, d^ ^,/, ^, b of the 
horizontal plane and of the prototype, 'fhe distor-* 
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don will be the more grotesque, if what in the rc^ 
gular image is contained in a sector a^ (No. i ) is 
contained in the distorted image ia a portion of a 
circular ring. 

PROBLEM XLU 

To perform the same thing by means of a pyramidal 

mirron 

It is well known, and may be easily conceived, 
that a square pyramidal mirror on the base A B C D 
(pi. II fig. 37 N*" I & 2),. reflects to the eye, placed 
above it in me axis, no more of the plane which 
surrounds the base, but the triangles BEC, C F D, 
D G A, and A H B ; and that no ray proceeding 
from the intermediate spaces reaches the eye. It 
may also be readily seen that these four triangles 
occupy the whole surface of the mirror ; and that to 
an eye raised above its summit, and looking through 
a small hole, they will appear together to fill the 
square of the base. In this case therefore the image 
to be distorted must be described in the square 
A B C D, cqi:al to the plane of the base ; and if 
through the centre e there be drawn two diagonals, 
and as many lines perpendicular to the sides, these 
with the small concentric squares, described in that 
of the base, will divide it into small triangular and 
trapesioidal portions. 

Now the section of the mirror, through the axis 
and the line e L, being a right-angled triangle, it 
will be easy, by a method similar to that employed 
in the preceding problem, to find on the line e L 
produced, its image L E, and the points of division 
which are the image of those of the former. Let 
these points be L, III, II, E : if you draw through 
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these points lines parallel to the base B C^ and do 
the same thing in regard to the other triangles H A B, 
&c^ you will have me area of the image,- to be paint- 
ed, divided into parts corresponding to those of the 
base. By describing in each of these, in the proper 
situation, and with the proper degree of elongation 
or contraction, the parts of the figure contained in 
the corresponding parts of the base, you will have 
the distorted figure required, which» when seen 
from a certain point in the axis produced, will ap- 
pear to be regular, and to occupy the whole base. 

This kind of anamorphosis, on account of its 
singularity, is superior to any of the preceding ; as 
the parts of the distorted figure are separated from 
each other, though they seem contiguous when seen 
in the mirror ; other objects therefore may be paint- 
ed in the intermediate spaces, which will mislead the 
spectators, and excite in them a greater degree of 
surprise. 

Of Lenticular Glasses ^ or Lenses. 

A lens is a bit of glass having a spherical form 
on both sides, or at least on one side. Some of 
them are convex on the one side and plane on the 
other ; and others are convex on both sides : some 
are concave on one side, or on both ; and others are 
convex on one side, and concave on the other. 
Those convex on both sides, as they resemble a 
lentil, are in general distinguished by the name of 
lenticular glasses, or lenses. 

The uses to which these glasses are applied, are 
well known. Those which are convex magnify the 
appearance of objects, and aid the sight or old 
people \ on the other hand^ the concave glasses di- 
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ininish objects, atld assist thbsd. wh6 are short sighN 
ed. 'the fotfner collect thé rays of the suh atoiind 
diie point called the ficus ; ahd^ when of a cond^^ 
derable size, produce heat and combustion. Thd 
concave glasses, on the contrary, disperse the i-ays 
6f the suh. Both kinds are employed iii the cbh- 
struction of telescopes and microscopes. 

PROBLEM XLlii 

Tbfnd the focus tfa glass gloat. 

As glass globes supply, on mahy ptrcasion^, the 
placé of leîises, it is ptoper that we should here say 
a few words respecting their focal distance. The' 
method of determining it is as folloi¥B. 

Let B C t) (pi. II fig. 38) be a glass sphère^ the 
centre of which is F, and C D a diameter to which 
the incident ray A B is parallel. This ray, "^héh 
it meets with the surface of .the sphere in B, will not 
continue its course in a straight line, is Would be 
the case if it did not enter a new medium, but will 
approach the perpendicular drawn from the centre 
F to B the point of incidence. Consequently, when 
it issues from the sphere at the point I, it would 
meet the diameter in a point E, if it did riot deviate 
from the perpendicular F I, which makes it take 
the direction I O, and proceed to the point O, the 
focus required. 

To determine the focus O, first find the point of 
meeting E, which may be easily done by observing 
that in the triangle F B E, the side F B is to t E 
as the sme of the angle FEB is to the sine of the 
atngle F B E ; ot, on account of the smallness of 
these angles, as the angle F £ B, or its equal G B £, 
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îs to the angle F B E ; for we here suppose the in- 
cident ray to be very hear the diameter C D ; coi^ 
sequentiy the angle A B H is very small, as well as 
its equal F B G 5 and angles extremely small have 
the same ratio as their sines. But, by the laws of 
refraction, when a fày passed froni aii- into glass, 
the ratio of the angle of incidence A B H, or G B Fj 
to the angle of refraction F B I, if the angles be 
very small, is as 3 to 2, and therefore the angle 
F B E is nearly, the double of E B G : it thëftiié 
follows that the side F E, of the triangle F B E, i^ 
neatly the double of F B or eqUal to twice the ik^ 
diu9 ; consequently D E is eqUal to the radiul 

To find the jpoint O, where the ray^ When it 
issues from the sphere, and deviates from the 
perpendicular, ought to meet the line DE, thé 
like reasoning may be employed^ lû the triangle 
I O E, the side I O is to O E nearly as thé ûïk^la 
I E O, or its equal I F E, is to the angle O I E.- 
Now these two ani^les atef equal ; for the angle I ï* D 
is the otie third of the angle of incidence F B ôt 
A B H ; but, by the law of Refraction, tfie àAgle, 
O I E is nearly the half of the ancle df Inddéûce 
E I K, or of its equal FIB, which is *- of the a^gle 
F B G : like the preceding it id therefore the thM 
of F B G or H B A, tftd consequently the iitigle^ 
OIE and O E I are equal ; whence it follows that 
O E is equal to O I, which is itself equal to D O, 
oh account of then- very great projdtnity. •Tfiei'e-' 
fore DO, or the distance of the focus of a glass 
globe from the suffece, is equal to half the radius^ 
or the fourth part of the diatoeter. (^ E. D. 
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PROBLEM XLIII* 

To find the focus of any lens. 

The same reasi3nmgy as that employed to deter-' 
mine the course of a ray passing through a glass 
sphere, might be employed in the present case. But 
for the sake of brevity, we shall only give a general 
rule, demonstrated by opticians, vrtucn includes all 
thie cases possible in regard to lenses, whatever com- 
binations may be formed of convexities and conca- 
irities. We shall then shew the application of it to 
a few of the principal cases. It is as follows. 

As the sum of the sem-diameters of the two convexities^ 
is to one of them ; so is the diameter of the other, ta 
the focal distance^ 

In the use of this rule, one thing in particular is 
to be observed. When one of the races of the glass 
is plane, the radius of its sphericity must be consi* 
dered as infinite ; and when concave, the radius of 
the sphere, of which this concavity forms a part, 
must be considered as negative. 1 his will be easily 
understood by those who are in the least familiar 
with algebra. 

Case !• When the lens is equally convex on both sides. 

Let the radius of the convexity of each of the 
faces be, for example, equal to 1 2 inches. By the 
general rule we shall have this proportion : as the 
sum of the radii, or 24 inches, is to one of them, 
or 12 inches, so is the diameter of the other, or 24 
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mches, to a fourth term» which will be 12 inches, 
the focal distance, ^ence it appears that, a lens 
equally convex on both sides unites the solar rays^ 
or in general rays parallel to its axis^ at the distance 
of the radius of one of ^e two sphericities. 

Case ii. When if^ lens is unequally convex on both sides. 

If the radii of the convexities be i ^ and 24, for 
instance, the following proportion must be employe 
edt as 1 2+ 24, or 36, is to 12^ the radius of one 
of the convexities^ so is 48, the diameter of the 
other, to 16 J or as 11 ^ 24, or 36, is to 24, the 
radius of one of the convexities, so is 24, the dia* 
meter of the other^ to 1 6 : the distance of the focus 
therefore will be 1 6 inches; 

». * « 

Case iii. When the km has one side plane. 

If the sphericity oh thé one side be as in the pre- 
teding case, we must say, by applying the general 
rule : , as the sum of the radii of the two sphericities, 
viz, 1 2 and an infinite quantity, is to one of them, 
or the infinite quantity, so is 24, the diameter of the 
other convexity, to a fourth term, which will be 
24 ; for the two first terms are equal, because an 
infinite quantity increased or diminished by a finite 
quantity, is always the same : the two last terms 
therefore are equal ; and it hence follows, that a 
plano-convex glass has its focus at the distance of 
the diameter from its convfexity. 

Case ir. When the lens is von*vex on the cne side, and 

concave on the other. 

> 

Let the radius oJF the convexity be still 12, and 
that of the concavity 27. As a concavity is a uc- 

VOL. II. T 
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gative convexity, this number 27 must be taken 
with ûxe sign «- prefixed. We shall therefore have 
this proportion. 

As 12 inches — 27, or — 15 inches, is to the 
radius of the concavity — 27 (or as 15 is to 27), 
so is 24 inches, the diameter of the convexity, to 
43|. This is the focal distance of the lens, and is 
positive or real ; that is to say, the rays falling pa- 
rallel to the axis, will really be united beyond the 
glass. The concavity indeed having a greater dia- 
meter than the convexity, this must cause the rays 
to diverge less than the convexity causes them to 
converge. But if the concavity be of a less diameter 
than the convexity, the rays, instead of converging 
when they issue from the glass, will be divergent^ 
and the focus will be before the glass : in this case 
it is called virtual. Thus, if the radius of the con- 
cavity be 12, and that of the convexity 27, we shall 
have, by the general rule : as 27 — 12, or 15, is 
to 27, so is — 24 to — ^43t« '^^ ^^t t^nn being 
negative, it indicates that die focus is before the 
glass, and that the rays will issue from it divergent, 
as if they came from that point. 

Case v. When the lens is concave on both sides. 

■ 

If the radîi of the two concavities be 12 and 27 
inches, we shall have this proportion : as — 12 — 
27 is to — 27, or as 39 is to 27, so is — 24 to— - 
1 6 -TT- 'Th^ ^^5^ ^^"^ being negative, it shews that 
the focus is only virtual, and that the rays, when 
they issue from the glass, will proceed diverging, as 
if they came from a point situated at the distance of 
167?^ inches before the glass. 
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Case vu W!fen the Urn is concave on one sickj and 

plane on the other. 

If the radius of the concavity be still 12, the 
above rule will give the following proportion : as 
^— 1 2 + an infinite quantity, is to an infinite quan- 
tity, so is — 24 to — 24 ; for an infinite quantity, 
when it is diminished by a finite quantity, remains 
still the same. Thus it is seen that, in this case^ the 
virtual focus of a plano«concave glass, or the pcnnt 
where the rays after their refraction seem to di- 
verge, is at a distance equal to the diameter of the 
concavity, s^s the point to which they converge is in 
the case of the plano-convex glass. 

These are all the cases that can occur in regard 
to lenses : for that where thé two concavities might 
be supposed equal is comprehended in the fifth. 

% 

REMARK. 

In all these calculations, we have supposed the 
thickness of the glass to be of no consequence in 
regard to the diameter of the sphericity, which is the 
most common case ; but if the thickness of the glass 
were taken into consideration, the determinations 
would be different. 

Of Burning Glasses. 

Lenticular glasses furnish a third method of soIv« 
ing the problem, already solved by means of mir- 
rors, viz, to unite the rays of the sun in such a man- 
ner, as to produce fire and inflammation : for a glass 
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of a few inches diameter will produce a heat suf. 
ficiently strong to set fire to tinder, linen^ black or 
grey paper, &c. 

The ancients were acquainted with this property 
in glass globes, and they even sometimes employed 
them for the above purpose. It was probably by- 
means of a glass globe that the vestal fire was kin- 
dled. Some indeed have endeavoured to prove, that 
they produced this effect by lenses : but de la Hire 
has shewn, that this idea is entirely void of founda- 
tion, and that the burning glasses of the ancients 
were only glass globes, and consequently incapable 
of producing a very remarkable effect. 

Baron von Tchirnhausen, who constructed the 
celebrated mirror already mentioned, made also a 
burning glass, the largest that had ever been seen. 
This mathematician, being near the Saxon glass ma- 
nufactories, was enabled, about the year 1696, to 
procure plates of glass sufficiently thick and broad, 
to be converted into lenses several feet in diameter. 
One of them, of this size, inflamed combustible sub- 
stances at the distance of 12 feet. Its focus at this 
distance was about an incii and a half in diameter. 
But whçn it was required to make it produce its 
greatest effects, the focus was diminished by means 
of a second lens, placed parallel to the former, and 
at the distance of four feet. In this manner, the 
diameter of the focus was reduced to 8 lines, and 
it then fused metals, vitrified flint, tiles and slate, 
earthen ware, &c, in a word, it produced the same 
effects as the burning mirrors of which we have al- 
ready spoken. 

Some years ago a lens, which one might have 
taken for that of Tchirnhausen, was exhibited at 
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Paris. The glass of which it consisted was radiated 
and yellowish j and. the person to whom it belong- 
ed asked no less for it than 500 £. sterling. 

For the means of obtaining, at a less expence, 
glasses capable of producing the same effects, we 
are indebted to M. de Bernieres, of whom we have 
already spoken. By his invention for bending 
glass, two round plates are bent into a spherical 
form, and being then applied to each other the in- 
terval between them is filled with distilled water, or 
spirit of wine. These glasses, or rather water lenses, 
have their focus a little farther distant, and ceteris 
paribus ought to produce a somewhat less effect ; 
but the thinness of the glass and the transparency of 
the water occasion less loss in the rays, than in a 
lens of several inches in thickness. In a word, it is 
far easier to procure a lens of this construction, than 
solid ones, like that of Tchirnhausen. M. de Tin- 
daine, some years ago, caused to be constructed, by 
M. de Bernieres, one of these water lenses 4 feet 
in diameter, with which some philosophical experi- 
ments have been already made, in regard to the 
calcination of metals and other substances. The 
heat produced by this instrument, is much superior, 
to that of all the burning glasses and mirrors hitherto 
known, and even to that of all furnaces. We have 
reason to expect from it new discoveries in che- 
mistry. We shall here add that with water lenses, 
of a much smaller size, M. de Bernieres has fused 
metals, vitrifiable stones, &c. 
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Of some other properties of lenticular glasses. 

I St. I F an object be exceedingly remote, so that 
there is no proportion between its distance and the 
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focal distance of the glass^ there is painted in the 
focus of the lens an image of the object in an inveit- 
ed situation. This experiment serves as the basis 
of the construction of the camera obscura. In this 
manner the rays of the sun, or of the moon, unite in 
the focus of a glass lens, and form a smaJl circle, 
which is nothing else than the image of the sun or 
moon, as may be easily perceived. 

ad. In proportion as the object approaches the 
glass, the image formed by the rays proceeding from 
the object, recedes from the glass ; so that when the 
distance of the object is double that of the focus, the 
image is painted exactly at the double of that di- 
stance ; if the object continues to approach, the 
image recedes more and more ; and when the ob- 
ject is in the focus, no image is formed ; for it is at 
an infinite distance that it is supposed to form itself. 
In this case therefore the rays which fall on the 
glass, diverging from each point of the object, are 
refracted in such a manner, as to proceed parallel 
to each other. 

The method of determining, in general, the di- 
stance from the lens at which the image of the object 
is formed, is as follows. Let O C be the object 
(fig. 39 pi. ii), DE its distance from the glass, 
and E F the focal distance of the glass ; if we make 
use of this proportion : as F D is to F E, so is E F 
to E G, taking E G on the other side of the glass 
when £ D is greater than E F, the point G will be 
that of the axis to which the point D of the object, 
situated in the axis, will correspond. 

Hence it may be easily seen, that when the di- 
stance of the object from the focus is equal to no- 
thing, the distance E G must be infinite, that is to 
say Uiere can be no image. 



TELESCOPES. 273 

It must also be observed that, when E F is greater 
than E D, or when the object is between the glass 
and the focus, the distance E G must be taken in a 
contrary direction, or on this 3ide of the glass, as 
E ^ ; which indicates that the rays proceeding from 
the object, instead of forming an image beyond the 
glass, diverge as if they proceeded from an object 
placed at ^. 

Of Telescopes^ bath Refracting and Reflecting. 

Of all optical inventions, none is equal to that of 
the telescope : for, without mentioning the numerous 
advantages derived from the common use of this 
wonderful instrument, it is to it we are indebted for 
the most interesting discoveries in astronomy. It is 
by its means that the human mind has been able to 
soar to those regions otherwise inaccessible to man, 
and to examine the principal facts which serve as 
the- foundation of our knowledge respecting the 
heavenly bodies. 

The first telescope was constructed in Holland, 
about the year 1609 ; but there is much uncertainty 
in regard to the name of the inventor, and the means 
he employed in the formation of his instrument; 
A dissertation on this subject may be seen in Mon- 
tucla's History of the Mathematics. We shall con- 
fine ourselves at present to a description of the dif- 
ferent kinds of telescopes, both refracting and re- 
flecting, and of the manner in which they produce 
their effect. 

Of Refracting Telescopes. 

I St. The first kind of telescope, and that most 
commonly used, is composed of a convex glass. 
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called the object glass j because it is that nearest tho 
objects, and a concave one, called the eye-glass^ be-, 
cause it is nearest the eye. These glasses must be 
disposed in such a manner, that the posterior focus 
of the object gl?iss shall coincide with the posterior 
focus of the concave glass. By means of this dispo- 
sition, the object appears magnified in the ratio of 
the focal distance of the objecc glass, to that of the 
€ye-glas.s.. Thus, if the focal distance of the object 
glass be lo inches, and that of the eye-glass i inch, 
the instrument will be 9 inches in length ?uid will 
magnify objects 10 dmes» 

This kind of telescope is called the Batavian, on 
account of the place where it was invented. It is 
know^ ^Iso by the name of the Galilean, because 
Galilço, having heard of it, constructed one of the 
same kind, and by its ^eans was enabled to make 
those discoveries in the heavens which have immor- 
• talized his name» At present, very short telescopes 
only are made according to this principle ; becausp 
they are attended with one defect, which is, that 
when of a considerable length they have a very çoq- 
fmed field. 

5d. The second kind of telescope is called the 
astronomical^ because employed chiefly by astrono- 
mers. It is composed of two convex glasses, dis- 
posed in such a manner, that the posterior focus of 
the object glass and the anterior focus of the eye- 
glass coincide together, or very nearly so. The eye 
must be applied to a small aperture, at a distance 
from the eye-glass equal to that of its focus. It will 
then have a field of large extent, and it will shew 
the objects inverted, and magnified in the ratio of 
the focal distances of the object glass and eye-glass. 
If we take, by way of example, the proportions al- 
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ready employed, the astronomical telescope will be 
12 inches in length, and will magnify lo times. 

Telescopes of very great length may be construct- , 
ed according to this combination. It i$ common 
for astronomers to have them of 12, 15, 20 and 30 
feet. Huygens constructed one for himself of 1 23 
feet, and Hevelius employed one of 140. But the 
inconvenience which attends the use of such long te- 
lescopes, in consequence of their weight, and the 
bending of the tubes, has made them be laid aside, 
and another instrument more commodious has been 
substituted in their stead. Hartsoecker made an 
objrct ^lass of 600 feet focus, which would have 
produced an extraordinary effect had it been possi-» 
ble to use it. 

3d. The inconvenience of the Patavian telescopes, 
which suffer only a small quantity of objects to be 
seen at once, and that of thé astronomical telescope, 
which represents them inverted, have induced opti- 
cians to devise a third arrangement of glasses, all 
convex, which represents the objects upright, gives 
the same field as the astronomical telescope, and 
which is therefore proper for terrestrial objects : on 
this account it is called the terrestrial telescope. It 
consists of a convex object glass, and three equal 
eye-glasses. The posterior focus of the object glass 
generally coincides with the anterior one of the first 
eye-glass ; the posterior focus of the latter coincides 
also with the anterior focus of the second, and in 
like manner the posterior focus of the second with 
the anterior one of the third, at the posterior focus 
of which the eye ought to be placed. This instru< 
ment always magnifies in the ratio of the focal di- 
stances of the object glass and one of the eye-glasses. 
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But it may be readily seen that the length is increas* 
ed four times the focal distance of the eye-glass. 

4th. The image of objects might be made to ap^ 
pear upright by employing only two eye-glasses : 
for this purpose it would be necessary that the first 
should be at a distance from the focus of the object 
glass equal to twice its own focal distance ; and that 
the anterior focus of the second should be at twice 
diat distance. Such is the terrestrial telescope with 
three glasses ; but experience has shewn that, by 
this arrangement, the objects are somewhat deform- 
ed, for which reason it is no longer used. 

5th. Telescopes with five glasses have also been 
proposed, in order to bend the rays gradually, as we 
may say, and to obviate the inconveniences of the 
too strong refraction, which suddenly takes place at 
the first eye-glass ; and also to increase the field of 
vision. We have even heard of some telescopes of 
this kind which were attended with great success ; 
but we do not find that this combination of glasses 
has been adopted. 

6th. Some years ago, a new kind of telescope 
was invented, under the name of the achromaticy 
because it is free frofn those faults occasioned by 
the diflferent refrangibility of light, which in other 
telescopes produces colours and indistinctness. The 
only difference between this and other telescopes is, 
that the object glass, instead of being formed of one 
lens, is composed of two or three made of different 
kinds of glass, which have l:een found by experi- 
ence to disperse unequally the different coloured 
rays of which light is composed. One of these 
glasses is of crown-glass, and the other of flint glass. 
An object glass of this kind, constructed according 




.« 
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to certain dimensions determined by geometricians, 
produces in its focus an image far more distinct than 
the common ones; on wliich account much smaller 
eye-glasses may be employed without affecting the dis* 
tinctness, as îs confirmed by experience. These tele- 
scopes are called also Dollonds télescopes^ àfteJ: the name 
of the English artist who invented them. By the 
above means^ the English opticians construct tele- 
scopes of a moderate length, which are equal to others 
of a far greater size; and small ones, not much longer 
than opera-glasses^ with which the satellites of Jupi- 
ter may be seen, are sold under DoUond's name at 
Paris. M. Antteaume, according to the dimen- 
sions given by M. Clairault, made, in that capital, 
an achromatic telescope of 7 feet focal distance, 
which when compared with a common one of 30 
or 35 feet, was found to produce the same effect. 

This invention gives us reason to hope that dis- 
coveries will be made in the heavens, which a few 
years ago would have appeared altogether impossi- 
ble. It is not Improbable even that astronomers will 
be able to discover in the moon habitations and 
animals, spots in Saturn and Mercury, and the sa- 
tellite of Venus, so often seen and so often lost. 

To give an accurate idea of the manner in which 
telescopes magnify the appearance of objects, we 
shall take, by way of example, that called the astro- 
nomical telescope, as being the simplest. If it be 
recollected that a convex lens produces in its focus 
an inverted image of objects which are at a very 
great distance, it will not be difficult to conceive, 
that the object glass of this telescope will form be- 
hind it, at its focal distance, an inverted image of 
any object towards which it is directed. But, by 
the construction of the instrument, ithis im^ge is io 
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the anterior focus oiF the eye-glass, to which the ej'c 
is applied ; consequently the eye will perceive it dis- 
tinctly ; for it is well known, that when an object is 
placed in the focus of a lens, or a little on this side 
of it, it will be seen distinctly through the glass, and 
in the same direction. The image of the object, 
which here supplies its place, being then inverted, 
the eye-glass, through which it is vie>x'ed, will not 
make it appear upright, and consequently the object 
will be seen inverted. 

In regard to the size, it is demonstrated, that the 
angle under which the image is seen, is to that 
under which the object is seen, from the same place, 
as the focal distance of the object glass, is to that of 
the eye-glass : hence the magnified appearance of 
the object. 

In terrestrial telescopes, the two first eye-glasses 
only invert the image ; and this telescope therefore 
must represent objects upright. But having' said 
enough respecting refracting telescopes, we shall 
jiow proceed to reflecting ones. 

Cf Reflecting Telescopes. 

Those who are well acquainted with the manner 
in which objects are represented by common tele- 
scopes, will rei\lily conceive that the. same effect 
may be produced by reflection; for a concave mirror, 
like a lens, paints in its focus an image of distant 
objects. If means then are found to reflect the 
image on one side, or backwards, in such a manner 
as to be made to fall in the focus of a convex glass, 
and to view it through this glass, we shall have a 
reflecting telescope. It need therefore excite no 
surprise thiit before Newton, and in the time of 
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Descartes and Mersenne, telescopes on this principle 
were proposed. 

Newton was led to this invention while endeavouf-» 
ing to discover some method of remedying the 
want of distinctness in the images formed by 
glasses ; a fault which arises from the different re-* 
frangibility of the rays of light that are decomposed. 
Every ray, of whatever colour, being reflected under 
an angle equal to the angle of incidence, the image 
is much more distinct, and better terminated in all 
its parts, as may be easily proved by means of a 
concave mirror. On this account he was able to 
apply an object glass much smaller, which would 
produce a greater magnifying power ; and this 
reasoning was confirmed by experience. 

Newton never constructed telescopes of more 
than fifteen inches in length. According to his 
method, the mirror was placed in the bottom of the 
tube, and reflected the image of the object towards 
its aperture : near this aperture was placed a plane 
mirror, that is to say, the base of a small isosceles 
rectangular prism, silvered at the back, and inclined 
at an angle of 45 degrees. This small mirrot* re- 
fleeted the image towards the side of the cube, 
wjiere there was a hole, into which was fitted a lens 
of a very short focal distance, to serve as the eye- 
glass, "^rhe object then was viewed from the side, 
a method, in many cases, exceedingly convenient. 
Mr. Hadley, a fellow of the Royal Society, con- 
structed, in the year 1723, a telescope of this kind, 
5 feet in length, which was found to produce the 
same eflfect as the telescope of 1 23 feet, presented 
to the Uoyal Society by Iluygens. 

The reflecting telescopes, used at present, are 
constructed in a manner somewhat different. The 
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concave mirror, at the bottom of the tube, has a 
round hole in the middle, and towards the other 
end is a mirror, sometimes plane, turned directly 
towards the other one, which, receiving the image 
near the middle of the focal distance, reflects it 
towards the hole in the other mirror. Against this 
hole is applied a lens of a short focal distance, 
which serves as an eye-glass, or for viewing ter- 
restrial objects, in order that they may appear 
upright; and three eye-glasses are used, arranged 
in the same manner as in terrestrial telescopes. 

A telescope however may be made to magnify 
much more by the following construction. The 
large mirror, as in all the others, is placed at the 
bottom, and has a hole in the centre, before which 
the eye-glass is applied. At the other end of the 
tube is another concave mirror, of a less focal 
distance than the former, and so disposed that the 
image reflected by the former is painted very near 
its focus, but at a little farther distance than the 
focus, from its surface. This produces another 
image beyond the centre, which is greater as the 
first one is nearer the focus : this image is formed 
very near the hole in the centre of the large mirror, 
opposite to which the eye-glass is in general placed. 

This kind of reflecting telescope is called the 
Gregorian, because proposed by Mr. James 
Gregory, even before Newton conceived the idea 
of his ; and it is this kind which is at present most 
in use. 

There is also the telescope of Cassegrain, who 
employs a convex mirror to magnify the image 
formed by the first concave one. Dr. Smith thought 
it attended with so many advantages, that he was 
induced to analyse it in his Treatise on Optics. 
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Cassegraîn was a French arrist, who proposed this 
method of construction about the year 16659 and 
nearly at the same time that Gregory proposed his. 
It is certain that the length of the telescope is by 
these means considerably diminished. ^ 

The English» for a long time, have enjoyed a 
superiority in works of this kind. The art of 
casting and polishing the metallic mirrors, necessary 
for these instruments, is indeed exceedingly difficult. 
M. Passement, a celeb i-ated French artist, and the 
brothers Paris and Gonichon, opticians at Parisy are 
the first who attempted to vie with them in this 
branch qf manufacture ; and both have constructed 
a great number of reflecting telescopes, some of 
which are 5 or 6 feet in length. Among the 
English, no artist dis anguished himself more in this 
respect than Short, though his telesco|>es were not 
of great length : besides some of 4, 5 and 6 feet, 
he made one of 1 2, which belonged some years ago 
to the physician of Lord Macclesfield. By applying 
a lens of the shortest focal distance which it could 
bear, it magnified about 1 200 times. The satellites 
of Jupiter therefore, seen through this telescope, 
are said to have had a sensible apparent diameter. 
But this telescope, as we have heard, is no longer 
in existence, the lar^e mirror being lost. 
- The longest of aJl the reflecting telescopes ever 
yet constructed, if we except that lately made by 
Herschel, is one. in the king's collection of philo- 
sophical and optical instruments at la Meute ; it is . 
the work of dom Noel a Benedictine, the keeper 
of the ' collection, and was begun several years 
before he was placed at the head of that establish- 
ment, where he finished it, and where the curious 
were allowed to see it, and to contemplate with it the 
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heavens. It is mounted on a kind of mov&ihiè 
pedestal, and^ notwithstanding its enormous weighty 
can be moved in every direction, along with the 
observer, by a very simple mechanism. But what 
would be most interesting, is to ascertain the degree 
of its power, and whether it produces an effect pro- 
portioned to its length, . or at least considerabljr 
greater than the largest and best reflecting telescopes 
constructed before ; for we know that the effects of 
these instruments, supposing the same excellence in 
the workmanship, do not increase in proportion to 
the length. 

Huygens* telescope of 1^3 féet, which he pre- 
sented to the Royal Society, did not produce an effect 
quadruple that of a good telescope of 30 feet ; and 
the case must be the same in regard to reflecting 
telescopes, where the difficulties of the labour are 
still greater ; so that if a telescope of 24 feet pro- 
duce one half more effect than another of 12, or 
only the double of one of 6 feet, it ought, in our 
opinion, to be considered as a good instrument; 

We have heard that dom Noel was desirous of 
making this comparison, and the method he pro- 
posed was rational. We have long considered it ay 
the only one proper for comparing such instruments.- 
It is to place at the distance of several hundred feet 
printed characters of every size, composing bar-* 
barous words without any meaning, in order that 
those who make the experiment may not be assisted 
by one or two words to guess the rest. The 
telescope by means of which the smallest characters^ 
are read, will undoubtedly be the best. We have 
seen stuck up, on the dome of the Hospital of 
Invalids, pieces of paper of this kind, which dom* 
Noel had placed there for the purpose of making 
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this comparison ; but unfortunately such înstru«< 
ments cannot be brought to one place. Printed 
characters, such as above described, might therefore 
be fixed up at a convenient distance from each^ 
without removing the instruments, and^ persons, 
appointed for the purpose, ought to go to the different 
observatories, at times when the weather is exactly 
similar, and examine what characters can be read 
by each telescope. By this method a positive 
answer to the above question would be obtained. 

But the largest, and the most powerful, of all the 
reflecting telescopes, has been lately made by Dr. 
Herschel, under the auspices of the British monarch ; 
a consequence of which was the discovery of his 
new primary planet, and of many additional satellites. 
After a long perseverance in a series of improve*^ 
ments of reflecting telescopes, of the Newtonian 
form, making them successively larger and mçre 
accurate, this gentleman came at length to make 
one of the amazing size of forty feet in length. 
This • telescope was begun in the year 1785, and 
completed in 1789. The length of the sheet iron 
tube is 40 feet, and diameter 4 feet 10 inches* 
The . great mirror is 49 ^ inches in* diameter, 34. 
ini:hes thick, and weighs 2 x 1 8Ib. The whole is 
managed by z large apparatus of machinery, of 
wheels and pulleys, by means of which it is easily 
moved in any direction, vertically and sideways. 
The observer looks in at the outer or object end ; 
from whence proceeds a pipe to a small house near 
the instrument, for conveying information by sound, 
backward and forward to an assistant, wno thus 
under cover sets down the time and observations 

* 

made by the principal observer. The consequences 

VOL. II. . u 
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of this, and the other powerful machines o£ this 
gentleman, have been new discoveries in die heavens 
of the most important nature. 

PROBLEM XLV. 

Method of constructing a telescope y by means of luhich 
an object may be seen^ even when the instrument 
appears to be directed towards another^ 

As it is not polite to gaze at any one, a soit of 
glass has been invented in England, by n^eans of. 
which, when the person who uses it seem? to be 
viewing one object, he is really looking at another. 
The construction of this instrument is yery simple* 

Adapt to the end of an opera glass (fig. 40 pL î 1% 
the object glass of which in this case becomes useless, 
a tube with a lateral aperture as large as the diameter 
of the tube will admit, and opposite to this aperture 
place a small mirror inclined to the axis of the tube 
at an angle of 45 degrees, and having its reflecting 
surface turned towards the object glass. It is evident 
that when this telescope is directed straight for- 
wards, you will see only some of the lateral objects, 
viz, those situated near the line drawn from the eye 
in the direction of the axis of the telescope and 
reflected by the mirror. These objects will appear 
upright, but transposed from right to left. To 
conceal the artifice better, the fore part of the 
telescope may be furnished with a plane glass, which 
will have the appearance of an object glass placed 
in the usual manner. 

'i'his instrument, which is not very common in 
France, is exceedingly convenient for gratifying 
one's curiosity in the playhouse, and other places of 
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public amû8eiUeût, espetially if the mitror be so' 
fixêdi, a6 to be susceptible of being' more or less' 
kiclined ; for those who use it, while they seeYn trf 
took at the^tagfe and the perfbi'miers; may withoulJ 
affectation, and without violating the rules of 
politeness, examine an interesting figure in ûi€ 
boifles» 

We 'must however observe that the first idea, of 
tlhis instrument is not very new; for the celebt^ted 
Hev^lius, who it seem^ was afraid of being shot, 
proposed many years ago his polemoscopej or telescope 
for viewing under cover, and without daiiger, war- 
like operations, and' those in particular which take 
place during the time of a sie^e. It consisted of a tube 
bent in such a^maniier as to form two elbows, in each 
of which was a plane mirror inclined at an angle, of 
45 degrees. The first parrt of the tube was made 'to 
rest on the paraip'et towards the enemy ; the ^mage 
reflected' by the fit*st inclined mirror passed through' 
the tube iti a perpendicular direcftion, atld meeting^ 
twth the second' mirror w^s reflected horizontally* 
tbward^ the eye glass, where thie eye was applied : 
by these means a person behind a strong parapet* 
could see what* the enemy were doing without the' 
walls. The chief thing to be apprehended in regard^ 
tb this instrument was, that the object glass mi^ht 
tie broken* by a ball ; but this was certainly a' 
trifling misfortune, and not very likely to happen* 

Of Miir OS copes. 

What the telescope has pcfformed in the phiIo« 
sophy of the heavenly bodies, the microscope has 
done in regard to that of the terrestrial : for by the"- 
assistance of tfaeiatter we have 'been able to discovef 
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an order of beings which would otherwise have 
escaped our notice ; to examine the texture of the 
smallest of the productions of nature, and to observe 
phenomena which take place only among the most 
minute parts of matter* Nothing can be more 
curious than the facts which have been ascertained 
by the assistance of the microscope: but In this 
part of science much still remains to be done. 

There are two sorts of microscopes ; simple and 
compound : we shall speak of both, and begin with 
the former. 

PROBLEM XLVI. 

Method of constructing a single microscope. 

I. Every convex lens of a short focal distance is 
a microscope ; for it is shewn that a lens magnifies 
in the ratio of the focal distance to the least di- 
stance at which the object can be placed to be 
distinctly seen ; which, in regard to most men who 
are not short-sighted, is about 8 inches. Thus a 
lens, the focal distance of which is 6 lines, will magnify 
the dimensions of the object 1 6 times; if its focal di- 
stance be only one line it will magnify 96 times. 

II. It is difficult to construct a lens of so short a 
focus ; as it is necessary that the radius of each of 
its convexities should be only a line ; for this reason 
small glass glol)es, fused at an enameller's lamp, or 
the flame of a taper, are employed in their stead. 
The method by which this is done, is as follows. 

Break off a piece of very pure transparent glass, 
either by means of an instrument made for that 
purpose, or the wards of a key ; then take up one 
of these fragments by applying to it the point of a 
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needle a little moistened with saliva, which will 
make it adhere, and present it to the blue flame of 
a taper, which must be kept somewhat inclined that 
the fragment of glass may not fall upon the wax. 
^s soon almost as it is held to the flame it will be 
fused into a round globule, and drop down : a piece 
of paper therefore, with a turned up border, must 
be placed below, in order to receive it. 

It is here to be observed that there are some kinds 
of glass which it is difEcult to fuse : in this case it 
will be necessary to employ another kind. 

Of these globules select the brightest and roundest ; 
then take a plate of copper, 5 or 6 inches in lengthy 
and about 6 lines in breadth, and having folded it 
double, make a hole in it somewhat less in diameter 
than the globule, and raise up the edges. If you 
then fix one of these globules in this hole, between 
the two plates, and bind them firmly together, you 
will have a single microscope. 

As it is easy to obtain globules of 4» t ^^^ t ^^ 
a line in diameter, and as the focus of a glass globule 
is at the distance of a quarter of its diameter without 
it, we are enabled by this process to magnify objects 
in a very high degree ; for if the diameter of th« 
globule be only 4 line, by employing this propor- 
tion : as ^ of half a line, or 4, are to 96 lines, so is 
I to a fourth term, we shall have as fourth term thé 
number 153, which will express the increase of the 
diameter of the object. The object, therefore, in 
regard to surface will be magnified 23409 times, 
and in regard to solidity 3581677 times. 

The celebrated Lewenhoeck, so well known on 
account of his microscopical observations, never 
employed microscopes or any other kind. It is 
however certain that they are attended with many 
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wbictj^ are transparent, or at least semi-transparent, 
as it may be readily conceived that it i$ not possiblç 
Xo illuminate a surjFaçe which is viewed in any other 
way than from bdnnd. By means of these micro* 
scopes Lewenhoeck made a great number of curious 
observations, an account of which will be found 
hereafter, under the head Microscopical Observations, 
III. The water microscope oi Gray, which is 
piuch simpler, may be constructed in the following 
manner. 

Provide a plate of lead, ^ of »a line in thickness 
ftt most, and make a round hole in it whh a needle 
or a large pin; pare the edges of this hole, and 
put into it, with the point of a feather, a small jrop 
pf water : the anterior and posterior sur£au:es of 
the water will assume a convex spherical form, and 
jhus you will have a microscope. 

The focus of such a globule is at a distance 
somewhat greater than that of a glass globule of 
equal size i for the focus of a globule of water is at 
the distance of the radius from its surface. A glo- 
bule of water therefore, \ a line in diameter, will 
magnify only 128 times; but this deficiency is fully 
compensated by the ease with which a globule of 
any diameter, however small, may be obtained. 

If water be employed in which leaves, wood, 
pepper, or flour has been infused, in the open àir, 
the microscope will be both object and instrument ; 
for by this means the small microscopic animals 
which the water contains will be seen. Mr. G?ay 
was very much astonished, the first time he ob- 
served this phenomenon ; but it afterwards occurred 
to him that the posterior surface of the drop pro- 
duced, in regard to those animals placed betweea 
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ît and its focus, the same effects as a concave mir- 
ror, and magnified their image, which was still iar* 
ther enlarged by the kind of convex leiis of thé 
anterior surface. 

IV. Another kind of microscope may be also 
i^rocured at à very small ibq>ence, by riiaking a hole 
of about the fourth or the fifth part of a Ifaie in dia- 
meter, ill à card or very thin plate of metal. IF 
very small objects be viiewéd through this hole, 
they will appear magnified in the ratio of their di- 
stance from thé jeye, to that at which an object can 
be distinctly seeh by the naked eye. 

This kind of microscope is much extolled in thi 
Journal de Trévoux ; but we must corifesis that we 
never could see small objects distinctly through 
such holes, unless at the distance of aii inch of half 
an inch ; and even then they did hot appear to be 
much magnified. 

PROBLEM XLVtI. 

Of Confound Microscopes» 

The compound microscope consists of an object 
glass, which is a lens of a very short focus, such 
for eitample as 4 or 6 lines, and an eye-glass of 2 
inches focus, it the distance from it of about 6 or 8 
inches. The object must be placed a little beyond 
the focus^ of the object glass, aiid the distance of 
the eye from the eye^^glass ought to be equal to th^ 
focal distancé of the latter. Having formed such 
a combination of glasses, if the object be made to 
approach gently to the object glass, there will be 
a certain point at which it will appear to be con-' 
siderably magnified. 
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If the focal distance of the object glass be 4 Unes, 
for example, and if the object be 44. lines fiom it, 
the image will be formed at the distance of 64 lines, 
or five inches 4 Uflcs : it will therefore be 1 4 times 
as large as the (Cject, for 64 is to 44. nearly as 1 4 . 
to I . If the focal distance of the eye-glass, in the 
focus of which this image is formed, be 2 inches, it 
will magnify about 4 times more : but 14x4 = 56, 
which expresses the number of times that the dia- 
ineter of the object will appear to be magnified. 

If you are desirous that it should not be magnified 
60 much, remove gradually the object from the ob« 
ject glass, and bring the eye-glass nearer ; the image 
will then be seen not so large, but more distinct. 

On the other hand, if you wish it to be. magnified 
more, move the object gradually towards the object 
glass, or move the latter towards the object, and 
remove the eye-glass : the object will then appear 
much larger ; but there are certain limits beyond 
which every thing seems confused. 

Instead of one eye-glass, two are sometimes used 
to increase the field of vision ; the first of which 
has a focal distance of 4 or 5 inches, while that of 
the second is much less ; but this is still the same 
thing. The image of the small object must be 
placed, in regard to this compound eye-glass, in the 
same point where an object ought to be, to be seen 
distinctly when viewed through it. 

A concave object glass might be employed, by 
making its posterior focus coincide with the image : 
this would form a kind of microscope similar to the 
Batavian telescope ; but it would be attended with 
the same inconvenience, that of having too con- 
tracted a field. 

There are also reflecting microscopes as well as 
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telescopes : the principle of both is the same, a 
minute object placed very near the focus of a con- 
. cave mirror, and on this side of it, in regard to the 
centre, reflects an image of it beyond the centre ; 
and this image will be larger the nearer' it is to the 
focus. The image is viewed through a convex lens, 
and in this kind of microscope an object glass 
of a much shorter focus may be employed, which 
will contribute to the amplincation of the object. 

Every thing relating to this subject may be found 
in a very curious work by Baker, entitled the 
Microscope made easy. The reader may consult also 
Smith's Optics, Part 4. These works, and parti- 
cularly the first, contain a great variety of curious 
details respecting the method of employing micro- 
scopes, and the observations made by means of 
them. See also Essais de Physique de Muscben^ 
broech. 

We intend to give an account of the most curious 
observations which have been made by the assist- 
ance of the microscope ; but to avoid confusion we 
shall reserve that article for the end of this part of 
our work. 



PROBLEM XLVIII. 



A very simple method of astertaining the real magnitude 
of objects^ seen through a microscope. 

It is often useful, and may sometimes gratify 
curiosity, to be able to determine the real magni- 
tude of certain objects examined by means of the 
microscope : the following very simple and inge- 
nious method for this purpose was invented by Dr. 
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certain pointy through a glassj shali exhibit an 
object^ different from that seen with the naked eye. 

' As this optical problem is solved by meaûs^ of a 
glass cut into facets, or what is called a multiplying 
glass, we shall first explain the nature oi sucn 
glasses. 

Multiplying glasses are generally lenses, plane on . 
one side, and on the other cut into several facets in 
the form of a polyedron, of this kind is the gUss 
represented fig 41 and 42, plate 12, where it is 
seen in front, and also edgewise. It consists of a 
plane hexagonal facet in the centre, and six trape« 
ziums arranged round the circuriiference. 

These glasses have the property of representing 
the object as many times as there are facets ; for if 
we suppose the object to be O, the rays which pro* 
ceed from it fall upon all the facets of the glass A D, 
DC, C B. Those which traverse the facet D C, 
pass through it as through a plane glass interposed 
i)etween the eye and the object ; but thé rays that 
proceed from O, to the inclined facet A D, ex- 
perience a double refraction, which makes them 
converge towards the axis O E, nearly as they would 
do if they fell upon the spherical surface, in which 
the glass polyedron might be inscribed. The eye, 
being placed in the common point of concurrence, 
sees the point O, at «, in the continuation of the 
radius E F ; consequently an image of the point O, 
different from the former, will be observed. As 
the same thing takes place in regard to each facet, 
the object will be seen as many times as there are 
facets on the glass, and in different places. 

Now if we suppose a luminous point in the axil 
of the glass, sind at a proper distance, all the rayi 
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ijvhich fall on one facet wîll, after a double rcfrac- 
rion, proceed to a piece of white paper placed per- 
pendicular to the axis continued, and paint on it an 
image of that facet of a greater or less size, and 
which at a certain distance will be inverted. Con- 
sequently, if we suppose the eye to be substituted 
instead of the luminous point, and that the image 
itself is luminous or coloured, the rays which pro- 
ceed from that image, or part of the paper, will ter- 
minate at the eye ; and they will be the only ones 
that reach it aifter experiendng a double refraction 
on the same facet : If the like reasoning be em- 
ployed in regard to the rest, it may be easily seen 
that, when the eye is placed in a iixed point, it will 
observe through each facet only a certain portion of 
the paper, and that the whole together will fill the 
field of visioix, though detached on the paper ; so 
that if a certain part of a regular and continued pic- 
ture, be painted on each, they will all together 
represent that picture. 

The artifice then of the proposed magic picture, 
after having fixed the place of the eye, that of the 
glass and the field of the picture, is to determine 
those portions of the picture which shall alone be 
seen through the glass ; to paint upon each the 
dcrerminate portion, according to a given subject, 
such as a portrait, so that when united together 
they may produce the painting itself; and in the 
last place to fill up the remainder of the field of the 
picture: with any thing at pleasure ; but arranging 
the whole in such a manner as to form a regular 
subject. 

Having thus explained the principle of this op- 
tical amusement, we shall now shew how it is to be 
put in practice. 
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Let A BC D, fig. 43 pi. 12, represent a board, 
at the extremity of which is fixed another in a per« 
pendicular direction, having at its edges two pieces 
of wood with grooves, to receive a piece of paste- 
board, covered with white paper or canvas. This 
pasteboard, which may be pushed in or drawn out at 
pleasure, is the field of the intended picture: £ D H is 
a veitical board, the bottom part of which must be 
contrived in such a manner, that it can be brought 
nearer to or farther from the painting ; and towards 
the upper part it is furnished with a tube, having at 
its anterior extremity a glass cut into facets, and 
at the other a piece of card, in which is a small hole 
made by means of a needle, and to which the eye 
is applied. We shall here suppose the glass to be 
plane on one side, and on the other to consist of six 
rhomboidal facets, placed around the centre, and of 
six triangular ones which occupy the remainder of 
the hexagon. 

When every thing is thus prepared, fix the sup- 
port £ D H at a certain distance fi-om the field of the 
picture, according as you are desirous that the parts 
to be delineated should be nearer to or farther from 
each other. But this distance ought, at least, to 
be four times the diameter of the sphere in which 
the polyedron of the glass could be inscribed ; and 
the distance of the eye from the glass may be equal 
to twice that diameter. Then place the eye at the 
hole K, the distance of which has been thus deter- 
mined, and with a stick having a pencil at the end 
of it, if the hand cannot reach the pasteboard, 
trace out, in as light a manner as possible, the out- 
line of the space observed through one facet, and 
do the same thing in regard to the rest. This ope- 
ration will require a great deal of accuracy and 
patience } for, to render thç work perfect, no per- 
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cepdble interval must be left between the two spaces 
seen through two contiguous facets : it wilt be 
better on the whole if they rather encroach a little 
on each othen Care must also be taken to mark each* 
space with the same number as that assigned to each' 
&Lcet, in order that they may be again known. Thisi 
however will be easy, by observing that the space* 
corresponding to each &cet is always transferred- 
parallel to itself from top to bottom, or from right 
lx> left, on the other side of the centre. 

The next thing is to delineate the regular picture* 
intended to be seen, and to transpose it into thei 
spacVs where it appears distorted. According to» 
mathematical accuracy, it would be necessary for* 
this purpose to form a projection of the glass cut: 
into facets, supposing the eye at the distance at' 
which ic is redly placed ; but as we suppose it a« 
little more remote, we may without any sensible* 
error assume, as the field of the regular picture^ 
the vertical projecdon, as seen fig. 44 N^ i, 
where it is represented such as it would appear* 
to the eye placed perpendicularly above its centre, 
and at a very considerable distance. 

Delineate in the field, which in this case will be 
hexagonal, and composed of 6 rhomboids and 6* 
triangles, any figure whatever^ as a portrait for 
example, and then, considering that the space a be dt 
is that where the portion of the picture marked i 
ought to appear, it must be transferred thither with 
as much care as possible ; do the same thing in re- 
gard to the rest ; and by these means the principal 
part of the picture will be completed. But as it is 
intended to shew somc^thing else beside what ought 
to be seen, it must be disguised by means of some 
other objects painted in the remaining part of the* 
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fifeld» tna^g tb^eia to harmonize \fith what is 
already painted, in such a manner, th^t the whole 
shall appear to form one regular and connected sut> 
ject; . All this however must depend on the taste 
and genius of the artist. • 

In the Per,sp€c^!ive curieuse of father Niceron> a 
nqtuch mçxrq I^'^ute explanation of the whole pro- 
cess may be founds Those to whom what is. here 
ssiid does not seem sufficient, mu$t consult that 
wprk. NIceron tells, us that he executed^ at Paris» 
and deposited in the library of the Minjmes, of the 
Place Royale, a picture of this kind, which vyhen 
seen with the nakjed eye represented fifteen portiaits 
of Turkish Sultans ; but when viewed through the 
glass was the portrait of Louis XIIL 

A picture by Amadeus Vanloo, much more in- 
genious, was shewn in the year 1759, in the ex- 
nibition room of the Roys^l Academy of Painting. 
To the naked eye, it was an allegorical* picture, 
which. represented >he Virtues, with their attributes, 
properly grouped ; but when seen through: the 
glaçs, it exhibited the portrait of Louis XV. 

REMARKS. 

• 

I St. It. is neoessary to observe that the place of 
the glass, whçn^once fixed, must be invariable; for 
as glasses perfectly, regular cannot be obtained, if 
they are moved it will be almost impossible. to re- 
place them in the prpper point ; hence it will be 
necessary to be assured that the glass is of a good 
quality ; for if it be too alkaline, and happen to lose 
its polish by the contact of the air, another capable 
of producing the same effect cannot be substituted 
in its stead. This is ah accident which^ according^ 
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to what we have heard, happened to the glas^ of 
Vanloo's picture. 

2d. Instead of a glass, like that employed in the 
above e sample, or of one more compounded, a 
plain pyramidal glass might be employed, by which 
the problem would be greatly simplified. 

3d. A glass, the portion of a prism, cut into a 
great number of planes parallel to its axis, might 
also be employed ; in this case the padnting to be 
viewed through the glass ought to be delineated on 
parallel bands. 

4th. A glass might be formed of several con* 
centric conical surfaces, or of several spherical sur* 
faces of different diameters, likewise concentric: .- 
in this case the picture to be viewed through the 
glass ought to be distributed in diflferent concentric 
rings. 

5th. A magic picture might be formed by re- 
flection. For this purpose, provide a metal mirror 
with facets well polished, and having very sharp 
edges ; place before it, in a direction parallel to its 
axis, a piece of white paper or card, and by means 
of the principles above explained delineate a pic- 
ture, which when viewed in front by the naked eye 
shall represent a certain subject ; if you then make a 
hole in the middle of the picture, and look through 
this hole at the image of it formed by the mirror, it 
will appear to be entirely different. 

PROBLEM L. 

To construct a Lantern, by^ means of which a book can 
be read at a great distaricCy at night. 

Construct a lantern of a cylindric form, or shaped 
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like a small cask placed lengthwise, so that its axis 
shall be horizontal ; and in one end of it fix a para* 
bolie mirror, or merely a spherical one, the focus of 
which falls about the middle of the length of the 
cylinder : if a taper or lamp be then placed in this 
focus, the light will be reflected through the opeii 
end, and will be so strong that very small print may 
be read by it at a great distance,if looked at through 
a telescope. Those who see this light at a distance^ 
if standing in the axis of the lantern continued, wiU 
imagine that they see a large fire» 

. PJLOBLEM LI* 

'To construct a Magic Lantern^ 

The name of mapc lantern^ as is^ well known^ is 
given to an optical instrument, by means of which 
figures greatly magnified may be represented on a 
white wall or cloth. This instrument, invented, we 
believe, by Father Kircher, a Jesuit, has become a 
useful resource to a great number of people, who 
gain their livelihood by exhibiting this spectacle to 
the populace. But though it has fallen into vulgar 
hands, it is nevertheless ingenious, and deserv^ a 
place in this work. We shall therefore describe 
the method of constructing it, and add a few obser- 
vations, which may tend to improve it, and to 
render it more interesting. 

First, provide a box sJ^out a foot square (fig. 45 
pi. 13) of tin-plate, or copper or wood, and make a 
bole toiPfards the middle of the fore-part of it, about 
three inches in diameter : into this hole let there be 
soldered a tube^ the interior aperture of which must 
be furnished with a very transparent lens^ having its 

vojû 11. ' X 
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focus wkhin the box, and at the distance of two 
thirds or three fourths of the breadth of the box. 
In this focus place a lamp with a large wick, in 
order that it may produce a strong light ; and that 
thé machine may be more perfect, the lamp ought 
to be moveable, so that it can be placed exactly in 
the focus of the lens. To avoid the aberration of 
sphericity, the lens in quesdon may be formed of 
two lenses, each of a double focus. This, 'in our 
opinion, would greatly contribute to the distinctness 
of the picture. 

. At a small distance from the aperture of the box, 
let there be a slit in the tube, for which purpose 
this part of it must be square, capable of receiving 
a slip of glass surrounded by a frame, four inches 
in breadth, and pf any length at pleasure. Various 
objects according to fancy are painted on this slip 
of glass, with transparent colours; but in general 
the subjects chosen are of the comic and grotesque 
kind (fig. 46 pL i^). 

Another tube, nirnished with a lens of about 3 
inches focal distance, must be fitted into the former 
one, and in such a manner, that it can be drawn 
out or pushed in as may be found necessary. 

Having thus given a description of the machine, 
we shall now explain its effect. The lamp being 
lighted, and the machine placed on the table oppo- 
site to a white wall, if it be exhibited in the day 
time, shut the windows of the apartment, and intro- 
duce into the slit above mentioned one of the paint- 
ed slips of glass, but in such a manner that the 
figures may be inverted : if the moveable tube be 
then pushed in or drawn out, till the proper focus is 
obtained, the figures on the glass will be seen painted 
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on the wall in their proper colours, and greatly 
magnified. 

If the other end of the moveable tube be furnish» 
ed with a lens of a much greater focal distance, the 
luminous field will be increased, and the figures 
will be magnified in proportion. It will be of ad- 
vantage to place a diaphragm in this moveable tube, 
at neat'ly the focal distance of the first lens, as it 
will exclude the rays of the lateral objects, and 
thereby contribute to render the paintmg much 
more distinct. 

We have already said that the small figures on 
the glass must be painted with transparent colours. 
The colours for this purpose may be made in the 
following manner : red by a strong infusion of 
Brasil wood, or cochineal, or carmine, according to 
the tint required ; green by a solution of verdigris; 
or for dark greens, of martial vitriol (sulphate of 
iron j ; yellow, by an infusion of yellow berries ; 
blue, by a solution of vitriol of copper (sulphate of 
copper); these three or four colours, as is well 
known, will be sufficient to form all the rest : they 
may be mixed up and rendered tenacious by means 
of very pure and transparent gum-water, after which 
they wiU be fit for painting on glass. In most ma- 
chines of this kind, the paintings are so coarsely 
executed, that, they cannot fail to excite disgust ; 
but if they are neatly designed, and well finished, 
this small optical exhibition must afford a consider- 
able degree of pleasure. 
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PROBLEM LIU 

Aletbod of constructing a Solar Microscope. 

The solar microscope, for the invention of which 
vc are indebted to Mr. Lieberkun, is nothing else 
properly speaking than a kind of magic lantern, 
where the sUn performs the part of the lamp, and 
the small objects exposed on a glass or the point of 
a pin, that of the figures painted on the glass slips 
of the latter. But the following is a more minute 
description of it. ' 

. " Make a round hole in the window shutter, about 
3 inclies in diameter, and place in it a glass lens of 
about 12 inches focal distance. To the inside of 
the hole adapt a tube having, A a small distance 
from the lens, a slit or aperture, capable of receiving 
one or two very thin plates of glass, to which the 
objects to be viewed must be affixed by means of a 
little gum water exceedingly transparent. Into this 
tube fit another, furnished at its anterior extremity 
with a lens of a short focal distance, such for example 
as half an inch. If a mirror be then placed before 
the hole in the window shutter on the outside, in 
such a maiiner as to throw the light of the sun into 
the tube, you will have a solar microscope. The 
method of employing it is as follows. 

Having darkened the room, and by means of the 
mirror reflected the sun*s rays on the glasses in a 
direction parallel to their axes, place some small ob- 
ject between the two moveable plates of glass, or 
affix it to one of them -with very transparent gum 

• water, and bring it exactly into the axis of the 
tube : if the moveable tube be then pushed in or 
drawn out, till the object be a little beyond the 
focus, it will be seen painted very distinctly on a card 
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or piece of white paper, held at a proper distance ; 
and will appear to be greatly magnified. A ^mall 
insect, such as a flea for example, may be made to 
appear as ' large as a sheep, or a hair as large as a 
walking stick ; by means of this instrument the eels 
in vinegar, or flour paste, will have the appearance 
of small serpents* 

REMARK. 

As the sun is not stationary, this mstrument is 
attended with one inconvenience, which is, that as 
this luminary moves with great rapidity, the mirror 
on the outside requires to be continually adjusted* 
This defect hov*rever s'Gravesande remedied by 
means of a very ingenious machine, which moves 
the mirror in such a manner, that it always throws 
the sun's rays into the tube* This machine, there^ 
fore, has been distinguished bv the name of the sol^sta. 

Some curious details respecting the solar micro- 
scopse may be seen in the French Translation of 
Smith's Optics, where several useful inventions for 
improving it, and for which we are indebted to 
Euler, are explained* A method, invented by 
^pinus^ of rendering it proper for representing 
opake objects» will be found there also. It consists 
in reflecting, by means of a large lens and a mirror, 
the condensed light of the sun on the surface of the 
object, presented to the object glass of the micro* 
scope. M Mumenthaler, a Swiss Optician, pro- 
posed a different expedient. But solar microscopes 
are still attended with another inconvenience : as 
the objects are very near the focus of the first lens, 
they are subjected to a heat which soon destroys or 
disfigures them. Dr. Hill, who made great use of 
this microscope^ proposed therefore to employ se^^ 
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veral lamps, the light of which united into one focus 
is exceedingly bright and free from the above incon- 
venience ; out we do not know whether he ever 
carried this idea into pracdce, and widi what 
success. 

P&OfiLEM LIII. 

Of Colours y and the differetit Refranffbility of Light. 

One of the noblest discoveries of the 17th ccn* 
tury, is that made by the celebrated Newton, in 
1666, respecting the composition of light, and the 
cause of colours. Who could have believed that 
white, which appears to be a colour so pure, is the 
result of the seven primitive unalteraole colours 
mixed together in a certain proportion ! This how- 
ever has been proved b)^ his experiments. 

The instrument which he employed for decom- 
posing light in this manner, was the prism, now 
well known, but at that time a mere object of cu^ 
riosity on account of the colours, with which every 
thing viewed through it seems to be bordered. 
' But on this subject we shall confine ourselves to 
two of Newton's experiments, and a deduction of 
the consequences whîch result from them. 

If a ray of solar light, an inch or half an inch in 
diameter (fig. 47 pi. 13), be admitted into a dark- 
ened room, so as to fall on a prism placed horizon* 
tally, with a piece of white paper behind it, and if 
the prism be turned in such a manner, that the 
image seems to stop ; instead of an image of the 
sun nearly round, you will observe a long perpen» 
dicular band, consisting of seven colours, in this 
invariable order, red, orange, yellow, green, blue, 
fedigo, violet, When the angle of the prism i« 
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tumçd downwards, the red will be at the bottom^ 
and vice versa ; but the order will be always the 
same. 

From this, and various other experiments of a 
similar kind, Newton concludes, 

I St. That the light of the sun contains thes^ 
seven primitive colours. 

2d. That these colours, are formed by the rays 
experiencing different refractions ; and the red, m 
paiticular, is that which is the least broken or re- 
fracted ; the next is the orange, &c ; in the last 
place, that the violet is that which, under the lame 
inclination, suffers the greatest refraction. The 
truth of these consequences cannot be denied by 
those who are in the least acquainted with geo* 
metiy. 

But the nicest experiment is that by which 
Newton proved, that these differently coloured 
rays are afterwards imalterable. To make ' this 
experiment in a proper manner, it will be necessary 
to proceed as follows : 

In the first place, the hole in the window shutter 
of the darkened room must be reduced to the 
diameter of a line at most; and the light every 
where else must be carefully excluded. When this 
is done, receive the solar rays oil a large lens, of 7 
or 8 feet focus, placed at the distanee of 15 feet 
from the hole, and a litdè beyond the lens place a 
prism, in such a manner, that the stream of light 
may fall upon it. Then hold a piece of white card 
at such a distance that the image of the sun would 
be painted upon it without the interposition of the 
prism, and you will see painted on the card, instead 
of a round image, a very narrow coloured band, 
containing the seven prin;iitive colours» 
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. Then pierce a hole in the card, about a line in 
diameter, and suffer any one of the colouï-s to pass 
through it, taking care that it shall do so in the middle 
of the space which it occupies, and receive it on a 
second card placed behind the former. If inter- 
cepted by another prism, it will be found that it no 
longer produces a lengthened, but a round image, 
and all of the same colour. Besides, if you hold in 
that colour any object whatever, it will be tinged 
by it ; and if you look at the object with a third 
prism, it will be seen of no other colour but that in 
which it is immersed, and without any elongation, 
as when it is immersed in light susceptible of de- 
composition. ^ 

This experiment, which is now easy to those 
tolerably well versed in philosophy, proves the third 
of the principal facts advanced by Newton. 

3d. That when a colour is freed from the mixture 
of others, it is unalterable ; that a red ray, whatever 
refraction it may be made to experience, will always 
remain red, and so of the rest. 

It does no great honour to the French philo- 
sophers of the 1 7th century to have disputed, and 
even declared false, this assertion of the English 
philosopher, especially on no better foundation than 
an experiment so badly performed, and so in- 
complete as that of Mariotte. We even cannot 
help accusing that philosopher, who in other re- 
spects deserves great praise, of too much precipi- 
tation ; for his experiment was not the same as that 
described by Newton in the Philosophical Transactiitis^ 
for 1666; and it may be readily seen that, if per- 
formed according to Mariotte's manner, it is im- 
possible it should succeed. 

However, it is at present certain, notwithstanding 



AND RSPHACtlONS* 307 

the remonstrances of Father Castel and the Sieur 
Gautier*, that there are in nature seven primitive, 
bomogeiiieous colours, unequally refrangible, un- 
alterable, and which are the cause of the different 
colours of bodies ; that white contains them all, and 
that all of them together compose white ; that what ' 
makes a body be ot one colour rather than another^ 
the configuration of its minute parts, which causes it 
to reflect in greater number the rays of that particular 
colour ; and in the last place that black is the 
privadon of all reflecdon ; but this is understood of 
perfect black, for the material and common black it 
only an exceedingly dark blue. 

Some people^ such as Father Castel, have admitted 
only three primitive colours, viz red, yellow and 
blue, because red and yellow form orange ; yellow 
and blue green, and blue and red violet or indigo, 
according as the former or the latter predominates. 
But this is another error. It is very true that with 
two rays, one yellow and the other blue, green can 
be formed ; and this holds good also in regard to 
material colours, but the green, of the coloured 
image of the prism is totally different : it is primidve, 
and stands the same proof as red, yellow or blue^ 

♦ The Skur Gautier, who pretended to be the inventor 
of the method of engraving in colours, opposed with great 
violence, in the year 1750, the theory o£ Newton, both ia 
regard to colours and to the system of the universe. ^ Hit 
reasoning and experiments, however, are as conclusive as 
experimentsjnade with a faulty air-pump would be agai^ 
the gravity of the atmosphere. For this reason, he never 
had any partizans but i few of his own ^countrymcn> 
one of whom was a poet, who had found out that object! 
are not painted on the retina in an inverted posttioo. 



308 RAINBOW. 

without beinç decomposed. The case is the same 
with orange, indigo^ and violet. 

PROBLEM LTV. 

Of the Rainbow ; bow farmed; method of making am 

artificial one. 

Of all the phenomena of nature, none has excited 
more the admiraticm of mankind, in all ages, than 
the rainbow ; but there is none perhaps at present 
which philosophy can explain in a more satisfactory 
manner. 

The rainbow is formed by the solar rays being 
decomposed into their principal colours, in the 
small drops of rain, by means of two refractions, 
which they experience in entering them and issuing 
from them. In the interior rainbow, which often 
appears alone, the solar ray enters at the upper 
part of the drop, is reflected against the bottom^ 
and issues at the lower side. This decomposition 
may be seen fig. 48, In the exterior rainbow, the 
lays enter at the bottom of the drop, experience 
two reflections, and issue at the upper part. Their 
progress and decomposition, which produces colours 
m an order contrary to the former, are represented 
fig. 49. Hence the colours of the exterior rainbow 
appear to be inverted, in regard to those of the first. 

The manner in which the eye perceives this 
double series of colours is seen fig. 50. 

But the explanation would be incomplete if we 
did not shew that there is a certain determinate in- 
clination, under which the red rays issue parallel, and 
as close to each other as possible, while all the rest 
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al« divergent; that thei'e is another under which 
the green rays issue in this manner ; and so of the 
rest. It is by this alone that they can produce an 
effect on a distant eye. 

Hiis explanation of the rainbow is confirmed by 
a Ample experiment. When the sun is very near 
the horizoh, suspend in an apartment a glass 
globe filled with water, in such a manner as to be 
illuminated by the sun; and place yourself with 

Ïour back to that lumix^ary^ so that the globe shall 
e elevated, in regard to your eye, about 42 degrees 
above the horizon. By advancing or retiring m 
little, you will not fail to meet with the coloured 
rays, and it will be easily seen that they issue from 
the bottom of the globe ; it will be seen also that the 
red ray issues from it under the greatest angle with 
the horizon, and the violet, which is the lowest one^ 
under the least, so that the red must be without the 
axis, and the violet within it. 

Then raise the globe, in regard to your eye, to 
54 degrees, or continue to approach it till it be 
elevated at that angle, and you will meet with the 
coloured rays issuing from the top of .it ; first the 
violet, and then the blue, green and red, in an order 
altogether contrary to the preceding. If you cover, 
in the first case, the tipper part of the globe, and in 
the second the lower part, no colours ^11 be pro* 
duced ; which is a proof of the manner in which 
they enter it, and issue from it. 

The spectacle of an artificial rainbow may be 
easily obtained ; it is seen in the vapour of a jet of 
water, when the wind disperses it in minute dropt. 
For this purpose, place yourself in a line between 
the jet of water and the sun, with your back turned 
towar4s the latter» if the sun be at a moderate 



devatîon above the horizon, by advancing towards 
the jet of water or receding from it, you will soon 
find a point from whkh a rainbow will be seen in ' 
the drops that fall down in fine light-rain. 

If there be not a jet of water in the neighbour- 
hood, you may make one at a very small expence# 
Nothing will be necessary but to fill your mouth 
with water, and having turned your back to the sua 
when at a moderate elevation, to spurt the water 
into the air as high as possible, and in a direction 
somewhat oblique to the horizon. The imitation 
of this phenomenon may be greatly facilitated by 
employing a syringe, which will scatter the water in 
very small drops. 

. If you are desirous of performing the experiment 
in a manner still easier, fill a very transparent cyi^ 
lindric glass bottle with water, and place it on a 
table in an upright position' ; place a Uehted candle 
at the same hbight, and at the distance from it of lo 
or I a feet, and then walk in a transversal direction 
between the light and the bottle, keeping your eye 
at the same elevation. When you have reached a 
certain point, you will see bundles of coloured rays 
issuing from one of the sides of the bottle, in the 
following order : violet, blue, yellow, red ; and if 
you continue to walk transversly, you will meet 
with a second series, in a contrary order, viz, red, 
yellow, blue and violet, proceeding from the other 
side of the bottle. This is exactly what takes place 
in regard to the drops of rain ; and to imitate the 
phenomenon completely, seven similar bottles might 
be arranged in such a manner, that the eye hçng 
placed in the proper point, one of the seven colours 
should be seen in each j and seven others might be 
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Pranged at some distance, so as to exhibit the same 
colours in an inverted order. 

Two rainbows* would still be produced, even if 
the solar rays were not differently refrangible j but 
they would be destitute of colour, and would consist 
only of two circular bands of white or yellowish 
light. 

The rainbow always forms a portion of a circle 
around the line dfawn from the sun and passing 
through the eye of the spectator ; for this reason, 
when the sun is elevated above the horizon, the 
rainbow is less than a semicircle ; but when the sun 
is in the horizon, it is equal to a semicircle. 

A rainbow however has been seen larger than a 
semicircle, and which intersected the common rain- 
bow ; but this phenomenon was produced by the 
image of the sun reflected from the calm, smooth 
sur^ce of a river* . The image of the sun, in this 
case, produced the same effect as if that luminary 
had been below the horizon. 

Dr Halley has calculated, from the ratio of the 
different renrangibilities of the sun's ny^ that the 
semi-diameter of the interior rainbow, taken in the 
middle of its extent, ought to be 41^ lo'; and that 
its breadth, whichvwould be only i^ 45' if the sun 
were a point, ought to be 2^ 15^ on account of the- 
apparent diameter of that luminary. This ap* 
jparent diameter is the cause why the colours are 
not separated from each other with the same distinct* 
ness as they would be, if the sun were a luminous 
point : the radius of the exterior rainbow, taken in 
thersame manner^ that is to say in the middle of its 
extent, is 52^ 30'. 

This geometrician and astronomer not only cal- 
culated the dimensions of that rainbow which 
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actually appears to us in the heavens, but of âioie 
also which would be produced if the light of the 
sun did not issue from the drop of water till after 
3> 4> 59 &<^9 reflections ; whereas, in the principal 
and interior rainbow, it issues after one, and in the 
second or exterior one, after two. By these calcu^ 
lations it is found that the semi-diameter of the 
third rainbow, counted ftrom the place of tl^e sun^ 
would be 41^} that of the fourth, 43^ 50^; fcc. 
But geometry here goes much farther than nature : 
for besides the continued weakness of the rays^ 
which would render these rainbows scarcely percep- 
tible, being towards the sun, they would be lost 
amidst the splendour of that Juminary. If the 
drops which form the rainbow, instead of being 
water, were glass, the mean semi-diameter of the 
interior rainbow would be 22^ 52^ and that of the 
exterior 9^ 30^ towards the side opposite to the sun* 

PROBLEM LV. 

Analogy between Colours and the Tones of Music, Of 
the Ocular Harpsichord of Father CasteL 

As soon as it had been observed that there were 
seven primitive colours in nature, there was some 
reason to conceive that there might be an analogy 
between these colours and the tones of music ; for 
the latter form a series of seven in the whole extent 
of the octave. This observation did not escape 
Newton, who remarked also that, in the coloured 
spectrum, this spaces occupied by the violet, indigo, 
blue, &c, correspond to the divisions of the mono- 
chord, which gives the sounds re, nUjfa^ sqIj la, si^ ut^ 
re. 
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Newton on this subject proceeded no farther. But 
Father Castel, whose visionary scheme is well known^ 
enlarged this idea; and on the above analogy of 
sounds founded a system, in consequence of which 
he promised to the eyes, but unfortunately without 
succ^, a new pleasure similar to that which the 
ears experience from a concert. 

Father Castel, for reasons of analogy, first changes 
the order of the colours into the following, viz 
blue, green, yellow, orange, red, violet, indigo, ani 
in the last place blue, which forms as it were the 
octave of the first. These, according.to his system, 
are the colours which correspond to the diatonic oc- 
tave of our modern music, ^, re^ mij fa, sol^ lay si^ 
ut. The flats and the sharps gave him no embar« 
rassment ; and the chromatic octave divided into its 
twelve colours, viras blue, sea-greeji» olive-green, 
yellow, apricot, orange, red, crimson, violet, agate, 
indigo, blue, which corresponded to vt^ ut^^ re, ré^ 

Now if a harpsichord be constructed in such a 
manner, says Father Castel, that qn striking the key 
ut, instead of hearing a sound, a blue band shall ap- 
pear ; that on striking r^, a green one shall be seen, 
and so on, you will have the required instrument ; 
provided that for the first octave of utz different blue 
be employed. But what are ^e to understand by a 
blue an octave to another P We do not find tnat 
Father Castel ever explained himself on this subject 
in a manner sufficiently clear. He only says that^ 
as there are reckoned to be twelve octaves appre- 
ciable by the ear, from the lowest sound to the most 
acute, there are in like manner twelve octaves of 
colours, from the darkest blue, to the lightest f 
which gives us reason to believe that since the 
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darkest blue is that which ought to represent tiie 
lowest key the blue corresponding to the octave must 
be formed of eleven parts of pure blue, and one of 
white ; that the lightest must be formed of one part 
of blue and eleven parts of white, and so of the rest* 

However, Father Castel did not despair of produc- 
ing by these means an ocular music, as interesting 
to the eyes as the common music is to well organis- 
ed ears ; and he even thought that a piece of music 
might be translated into colours for the use of the 
deaf and dumb. " You may conceive," says» he, 
•* what spectacle will be exhibited by a room covered 
with rigadoons and minuets, sarabands and passcailles^ 
sonatas and cantatas^ and if you choose with the com- * 
plete representation of an opera ? Have your colours 
well diapasoned, and arrange them on a piece of canvas 
according to the exact series, combination and mix- 
ture of the tones, the parts and concords of the piece 
of music which you are desirous to paint, observing 
all the différent values of the notes, minims, crot^ 
chets, quavers, syncopes, rests,. &c ; and disposing 
all the parts according to the order of counter-point* 
It may be readily seen that this is not impossible, 
nor even difficult, to any person who has studied 
the elements of painting, and at any rate that a 
piece of tapestry of this kind would be equal to 
those where the colours are applied as i^ were at 
hazard in the same manner as they are in marble. 

*' Such a harpsichord,'* continues he, '' would be 
(m excellent school for painters, who might find in 
it all the secrets and combinations of the colours, 
and of that which is called claro-obscuro. But even 
our harmonical tapestry would be attended with its 
advantages ; for one might contemplate there at Jljci- 
sure what hitherto could be heard only in passing 

i 
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^jth rapidity, so as to leave little time for refiection. 
Anà what pleasure to behold the colours in a dispo^ 
sttion truly harmonical, and in that infinite variety 
of combinations which harmony furnishes ! The 
design alone of a painting excites pleasure. There is 
certainly a design in a piece of music i but it is not 
to, sensible when the piece is played with rapidity* 
Here the eye will contemplate it at leisure ; it will 
see the concert, the contrast of all the parts, the 
effect of the one in opposition to the other^ the 
fugues, imitations, expression, concatenation of the* 
cadences, and progress of the modulation. And 
can it bé believed that those pathetic passages^ those 
grand traits of harmony, those unexpected changes 
of tone, that always cause suspensbn, languor, 
emotions, and a thousand unexpected changes in the 
soul which abandons .itself to them, will lose any 
of their energy in passing from the ears to the eyes, 
&c<? It will be curious to see the deaf applauding 
the same passages, as the blind, &c. Green, which 
corresponds to r^, will no doubt shew that the tone 
re is rural, agreeable and pastoral ; red, which cor« 
responds to /«/, will excite the idea of a warlike and 
terrific tone ; blue, which corresponds to «/, of a 
noble, majestic and celestial tone; &c. It is singular 
that me colours should have the proper charactsers 
ascribed by the ancients to the exact tones which 
correspond to them, but a great deal might be said» 
&c. 

*^ A.spectacle might be exhibited of all forms hu- 
man and angelical, animals, birds, reptiles, fishes, 
quadrupèdes, and even geometric figures. By asimple 
game the whole series of Euclid's Elements mi^ht 
be demonstrated.'' Father Castel'» imagination 

TOL XI. Y 



s 16 TABLE 09 

seems here to conduct him in the straight road to 
Bedlam. 

These passages of Father Castel are so singular, 
that we could not help quoting them ; but unfortû- 
' nately all his fine promises came to nothing. He 
had constructed a model of his harpsichord, as 
he tells us himself, so early as thç end of the year 
1 734, and he spent almost the remainder of his life, 
till the time of his death, which took place in 1757» 
in completing his* instrument, but without success. 
This harpsichord, constructed at a great expence, 
as we are told by the author of his life, neither an- 
swered the author^s intention, nor the expectation of 
the public. And indeed if there be any analogy be- 
tween colours and sounds, they differ in so many 
otiitr points, that it needs excite no wonder that 
\this project should miscarry. 

PROBLEM LVI. 

To compose a Tûble representing all the Colours ; and to 

cfeiermine their Number. 

Though Newton has proved the homogeno^ity of 
the colours into which the solar rays are decompos- 
■ ed, and the orange, green and purple produced by 
this decomposition are no less unalterable, by farther 
refraction, than the red, yello>Y and blue, it is how- 
ever well known that with the three latter, the three 
former, and all the other colours of nature, can be 
imitated : for red combined with yellow, in different 
proportions, gives all the shades of orange ; yellow 
and blue produce pure greens; red and blue violetsi, 
purples and indigoes ^ in a word the different com« 
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biiiadoiis of these compound colours, give birth to 
all the rest. On these principles is founded the in- 
vention of the chromatic triangle, which serres to 
Represent them. 

Construct ah equilatei*al triangle, as seen Plate xv, 
fig. 51, and divide the two sides adjacent to ihe ver- 
tical angle into 1 3 equal parts : if parallel lines be 
then drawn through the points of division, in each 
side, they will form 91 equal rhombuses; 

In the three angular rhombs place the three primi- 
tive colours, red, yellow, and blue, having an 
equal degree of strength, and as we may say of 
concentration; consequently, between the yellow 
and blue^ there will be left 1 1 rhomboidal ceUs^ 
which must be filled up in the following manner : 
in that nearest the yellow put 1 1 parts of yellow 
and I of red ; in the next^ I o parts of yellow and 
2 of red, &c ; so that in the cell nearest the red 
there will be i part of yellow and 1 1 of red : by 
these means we shall haVe all the shaded of orange^ 
from the one nearest red to that nearest yellow* 
By filling up, in like manner^ the intermediate 
cells, between red and blue, and between blue and 
yellow, the result will be all the shades of purple^ 
and all those of green, in a similar gradation^ 

To fill up the other cells, let us take fbr ex^ 
ample those of the third row below red, where 
there are three dells. The two extreme cells being 
filled up on the one side with a combination of 10 
parts of red and 2 of yellow, and on the other with 
a combination of i o parts of red and 2 of blue^ 
the middle cell will be composed of 10 parts of red^ 
I of blue and i of yellow. 

In the band immediately below, we shall have, 
for the same reason» in the first cell towards the 
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yellow, 9 parts of red and 3 of yellow ; in the nezt^ 
.9 parts of red, 2 of yellow and i of blue-; in the 
âiird, 9 parts of red, i of yellow, and 2 of bhie,; 
m the fourth, 9 parts of red, and 3 of blue: and 
the case will be similar in regard to the lower 
bands; but we shall here content ourselves with 
detailing the colours in the last except one, or that 
above the band containing the greens, the cells of 
which must be filled up as follows ; In 

The ist on the left, 1 1 parts yellow and » of recL 
The ad, 10 parts yellow, ^ i red, i blue, 
'^^ 3^9 9 P<^^s yellow, i red, 2 blue. 
The 4th, 8 parts yellow, i red, 3 blue* 
The 5th, 7 parts yellow, i red, . 4 blue. 
The 6th, 6 parts yellow, i red^ 5 blue» 
The 7th, 5 parts yellow, i red, 6 bluer 
The 8th, 4 parts yellow, 1 red, 7 blue» 
The 9th, 3 parts yellow, i red, 8 blue. 
The loth, 2 parts yellow, i red, 9 blue. 
The nth, I part yellow, i red, 10 blue. 
The 1 2th, o part yellow, i red, 1 1 blue. 

This band, as may be seen, contains all the 
greens of the lowest band into which one part of 
red has been thrown. In like manner, there will 
be found in the band parallel to the purples all the 
purples with which i part of yellow has been 
mixed ; and in the band parallel and contiguous to 
the oranges, all the orange colours with i part of 
blue. 

In the central cell of the triangle there are 4 
parts of red, 4 of blue, and 4 of yellow. 

All these mixtures might be easily made with 
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«cflouts ground exceedingly fine; and if the proper 
'Ouandties were employed we have no doubt that 
wey would produce all the shades of file different 
colours. But if all the colours of nature, from the 
lightest to the daii^est, that is from black to white, 
be required, we shall find for each cell 1 2 degrees 
x>f gradation to white, and i ? others to black. U 
91 therefore be multiplied by 24, we shall have 
2184 perceptible colours^ to which if we add 24 
grays^ formed by the combination of pure black 
iand wliite, and white and black, die number of 
cc^mpound colours, whic^ we believe to be distia* 
guishable by the senses, will amount to 92 18. 9utiPe 
ought not perhaps to consider as real colours those 
formed by the pure colours ynth black j for black 
only obscures, but does not colour^ fn this case 
the real colours with their shades, from the darkest 
to the lightest, ought to be reduced to 1092^ which 
with white, a blacs, and 19 grays^ wjU £^in 1106 
colours. 

ntOBLBH Lvn. 

On the Ottise of the Blue Colour of the Skf. 

This is a very remarkable phenomenon, thougf» 
l^tde att^tion is paid to it, as our eyes are -so much 
accustomed to it trom pur infancy ; and it wouM be 
difficult to explain it had not Newtbn*s theory re- 
fpecting light, by teaching us that it is decomposed 
into seven cokmrs. of different degrees of refrangi- 
bility and reflezibility, afforded us the means of 
discovering the cause. 

To exjnain this phenomenon, we shall observe 
then^ that according to Newton's theory, so w^U 
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proved by experience, of the seven colours which 
the solar light produces when decomposed by the 
prism, the blufs, indigo, and violet, are those easiest 
re0ect^, when they meet with a medium of a dif- 
ferent density. But whatever may be the transpa- 
rency pf the air, that which surrounds our earth, 
and which constitutes our atmosphere, contains 
always a mixture of vapours more or less com- 
bined with it : hence it happens that the light of 
the sui> and stars, sent back in a hundred different 
ways into the atmosphere, must' experience in it 
tiumberle^ inflections and reflections. But as the 
blue, indigo and violet rays are those chiefly sent 
back to us, at each of these reflections, from the 
minute particles of the vapours which they are 
obliged to pass through, it is necessary that the 
medium which sends them back should appeju: to 
assume a blue tint. This must even be the case if 
we suppose a perfect homogeneity in the atmosphere : 
for however homogeneous a tiansparent mediun^ 
may be, it necessarily reflects a part of the rays of 
light which pass through it. But of all these rays, 
the blue are reflected with the greatest facility j 
consequently the air, even supposing it homoge«r 
neous, would assume a blue, or perhaps a violet 
colour. 

It is for the same reason that the water pf the 
sea appears of a blue colour when very pure, as is 
the case at a distance from the coasts^ When illu* 
minated by the sun a part of the rstys enters the 
water, and another part is reflected ; but the latter 
is composed chiefly of blue rays, and consequently 
it must appear blue. 

This explanation is confirmed by a curious ot)? 
içryadpn of Dr. Halley. This celebrated philosoi 
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pher having descended in a diving bell to a 'C0Û4 
sidecable depth in the sea, while it was illuminated 
by the sun, was much surprised to see the back of 
his hand, which received the direct rays, of a beau- 
tiful rose colour, while the lower part, which re- 
ceived the reflected rays, was blue. This indeed is 
what ought to take place, if we suppose that the 
rays reflected by the surface of the sea, as well as 
by the minute parts of ^he middle of it, are blue 
rays. In proportion as the light penetrates to a 
greater depth, it must be more and more deprived 
of the blue rays, and «consequently the remaindisr 
must incline to rod* 

PROBLEM LVllli 

Why the Shadows of bodies are sometimes Bltte^ or Azure 
coloured^ instead of being Black. 

It is often observed at sun^rise, during very 
serene mornings, that the shadows of bodies pro- 
jected on a white groimd, at a small distance, are 
blue or azure coloured. This phenomenon app^rs 
to us to be sufficiently curiou^ to deserve here a 
place, as wejl as an explanation» 

If the shadow of a bodv exposed to the sun were 
absolute, it would be perfectly black, since it woul4 
be a complete privation of light ; but this does not 
really take pjaçe: fot to be so, the fiçld of the 
heavens ought to be absolutely black ; whereas it is 
blue, or azure coloured, and it is so only biecause 
it sends back to us chiefly blue rays, as already 
observed. 

The shadow therefore projected by bodies ex- 
posed to the sun, is not a pure shadow, but is itself 
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flluminated by that whole part of the sky Hot occut 
pied by the luminous body. This part of the héa^ 
ven being blue, the shadow is softened by the blue 
or azure coloured rays, and consequently must ap« 
pear of that colour. It is exactly in the same man* 
iier that in paintings reflections are tinted with the 
colour of the surrounding bodies. The shadow 
which we here examine, is nothing else than a 
shadow mixed with the reflection of a blue body, 
2Xéà therefore it must participate in that colour. 

It is well known that this phenomenon was first 
observed and explained by Buffon. 

But it m^y here be asked, why are not all 
shadows blue ? In reply to this question, we shall 
observe, that to produce this effect, the concur- 
rence of several circumstances are necessary : ist^ 
a very pure sky, and of a very dark blue colour j 
for if the heavens be interspersed with light clouds, 
the ra^ reflected from them, falling on the bluish 
shadow, will destroy its effect ; if the blue be weak, 
iis is often the case, the quantity of the blue rays 
will not be sufficient to enlighten the shadow. 2d, 
The light of the sun must be livelier than it usually 
is when that luminary is near the horizon, in order 
that the shadows may be full and strong. But these 
circumstances are rarely united. Besides, the sun 
must be only at a small elevation above the horizon ; 
for even when at a moderate altitude there is too 
much splendour in the atmosphere, to allow the 
blue rays to be sensible. This light renders the 
shadow less strong, but does not tinge it blue. 
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PROBLEM LIXr 

Experiment 9n Cdouri. 

Hold before your eyes two glasses of different 
colours, the' one blue suppose, and the other red ; 
and having placed yourself at a propier distance 
from a candle, if you shut one of your eyes, and 
look at the light with the other, that for example 
before which the blue glass is held, the light wiU 
appear bluer. If you next shut this eye and open, 
the other, the flame will appear red ; and if you 
then open them both, you will see it of a bright * 
violet colour. 

Every person almost, in our ojnniôn, must have 
foreseen the success of this experiment ; which we 
have mentioned, merely because' an oculist of 
Lyons, M. Janin, thought he could deduce from 
it a j>arcicular consequence y which is,' that the 
retina may perform the part of a concave mirror, 
and reflect the rays of light, so that each eye form» 
at a certain distance an aerial image of the object. 
Both eyes forming each an image afterwards in the 
same place, the result is a double image, one blue* 
and the other red, which by their union produce a 
violet image, in the same manner als when red and 
blue rays are mixed together. But this explana- 
don will certainly not bear to be examined accord* 
ing to the true principles of optics. How is it 
possible to conceive that such an image can be 
formed by the retina ? Is it not more probable, and 
more agreeable to the well known phenomena of 
vision, that from the two impressions received by 
h e two eyes, there is produced in the common sen* 
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/oriumj or in the place y^here the optic nerves zrn^ 
united in the brain, one compound impression ? In 
this experiment therefore the same thing must take 
place, as when a person looks at a candle with one 
eye, diroueh two glasses, the one red and the other 
blue, in this case the flame will be seen of a violet, 
colour, and consequently it ^lust have the same 
^ppearai^ce in the former* 

PjElOBLEM LX. 

Method of constructing a Photophorus^ very convetiienf 
to iUuminate a table where a person is reading or 
writing. 

Construct a cone of tin-plate, 4^ inches ii^ 
diameter at the base, and 7^ inches in height, mear 
sured on the slant side ; which may be easily done 
by cutting from a circle, of 7I inches radios, a 
sector of 109^- de^ees, and bending it inio the 
form of a cone. Then through a point in the axis, 
2i inches distant from the summit, cut off the up- 
per part of the cone by a plane inclined to one of 
its sides at an angle of 45^. The result \fill be an 
elongated elliptical section, which must be placed 
before a candle or other light, as near to it as pos- 
sible, the plane of the section being vertical, and 
the greatest diameter in a perpendicular direction. 
When disposed in this manner, if the flame of the 
candle or lamp be raised 1 2 or 13 inches above the 
plane of the table, yoU will be astonished to see the 
vivacity and uniformity of the light which it will 
project over an extent of 4 or 5 feet in length, 

M. Lambert, the inventor of this apparatus, ob* 
serves that it may be used with great advantage tq 
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give light to those who read in bed ; for by placuig 
a lamp or taper furnished with this .photophorw 
upon a pretty high stand, at the distance of 5, 6, 
or 8 feet, from me bed, it will afford a sufficieaqf 
of light without any danger» He says he tried this 
apparatus also in the street, by placing a lamp fur- 
nished with it in a window raised 1 5 feet above the 
pavement, and that its effect was so great, that at 
the distance of 60 feet, a bit of straw could be dis- 
tinguished much better than by moon light, and 
that wridng could be read at the distance of 35 or 
40 feet. A few of these machines, placed on each 
side of a street, and arranged in a diagonal form, 
would consequently light it much better than any 
of the means 'hitherto employed. See Mémoires m 
PAcaderme de Berlin^ arm. 1 770. 

PROBLEM LXl. 

■ 

^be place of an object j such for exemple as of apiece 
cf paper on a table y being given ; and that of a 
candle destined to throxvjight upon it ; to determine 
the height at which the candle must be placed^ in 
order that the object may be illuminated the most 
possible* 

That we ms^y exclude from tMs problem several 
considerations, which would render the solution of 
it .yery difficult, we shall suppose the object destined 
to be illuminated to be very small, or that it is only 
required that the middle of it shall be illuminated as 
much as possible. We shall suppose also that the 
light is entirely concentrated into one point, where 
the splendor of all its different parts is united. 

But, it is well known that the light diffuse4 by 
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a luminous point, over any surface which ît ÉAr 
minâtes, decreases, the angle being the same, in 
the inverse ratio of the square of the distance ; and 
that when the angle of inclination varies, it is ay 
the sine of that angle. Hence it follows that it dcr 
creases in the compound ratio of the square of the 
distance taken inversely, and the sine of the angle 
of inclination taken directly. To solve this probienz 
then, we must find that height of the luminous 
point in the given perpendicular, which will render 
this ratio the greatest possible. 

But it will be found that this ratio is greatest 
when the perpendicular height, and the distance oJF 
the object to be illuminated from the bottom of the - 
cahdie, are to each other as the side of a square i« 
to the diagonal. On this given and invariable dir 
stance as hypothenuse, if a right-angled isoscele» 
triangle be therefore described, the side of thi^ 
triangle will be the height at which, if the flame of 
the candle be placed, the given point or centre of 
the paper will be illuminated in the highest degree 
possible. 

On this subject, the following problem, which i( 
of a similar nature, might also be proposed : 

Two candles of unequal height j placed at the extre-; 
mities of a horizontal linCy being given ; to find in 
that line a point so situated^ that the object placed in 
it shall be illuminated the most possible ? 

But we shall not give the solution, that our 
readers may exercise their own ingenuity in dis- 
covering it. 
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PROBLEM JLXII. 

On the Pr9pùriim ivhici the Light. ^ fbe Mofm heart 

. to that rf the Sun. 

Thi» is a- very curious problem : - .but it was oojy 
. ^idûn these few yeaurs that philosophers began \o 
turn . their attention to the principles^ and means, 
which can lead ta the spludpn of itr We ^re,4n- 
^d>ted for them to M, Bouguer » who has explain^ 
chem in .his Treatise on the Gra4(fii<fn of Light ; ^^ 
work that contains many curious^ particulars, . ^ few 
of which , we shall here ei^tract, 

-To obtain 'this measure of the intensity of ligfal> 
.'JM* BoQguer $ets .out with a fact, foqndçd on ■ ex- 
perience, which is, that the eye judges pretty, ex- 
^actly by habit, whether two similar and equal sur*- 
.faces are equally illuminated. . Nothing then- ^9 
necessary, but to place at unequal dis^ces twf^ 
unequal lights, or by means of concave glasses, the 
focal distances of which are unequal, to make^em 
•be unequally dijated, so that riie surjFaces which are 
.illuminated by «them shall appear- to be so in an 
.equal degree. The rest depends merely on calcu* 
lation : for if two lights, one of which is four dmeg 
Jiearer than the other, illuminate equally two similar 
surfaces, it is evident that, as the degrees of the illu- 
mination of the same ligttt decrease in the inverse 
jatio of the squares of the distances,, we oyght , to 
.conclude that the splendour of the first lig^c is six- 
.teen: tir ^ as^jo^eat as that of the second. . In Uke 
lDBn4..i, if Ha light dilated into a circular .space, 
-doiible in diametat iUumiqates a$ mucb^ as ianpdber 
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ilirect light, there is reason to conclude that tÈé 
former is quadruple the second. 

By employing these means, M. Bouguer found 
ïbzt the light of the sun diminished 1 1 664- times 
was equal to that of a flambeau, which illuminates a 
surface at the distance of 1 6 inches ; and that the 
same flambeau illuminating a similar surface, at 
the distance of 50 feet, gave it the same light ^s 
that of the moon, when diminished 64 times. By- 
compounding these two ratios he concludes, that 
the light of the sun is to that of the moon, at their 
mean distances and at the same altitude, as 2562^ 
to I ; that is to say more than 250 thousand timers 
greater. From some other experiments he is even 
inclined to think, that the light of the moon is only 
equal to the 300 thousandth part of that of the 
sun. 

The result of a celebrated experiment, made by 
Couplet and La Hire, twtf academicians of Paris^ 
needs therefore excite no surprise. These two 
philosophers collected the lunar rays by means 
of the burning mirror at the Observatory, which 
is 35* inches in diameter, and made the focus fall 
on the bulb of a thermometer, but no motion was 
produced in the liquor. And indeed this ought to 
be the case, for if we suppose a mirror like the 
above, which collects the rays that fall on its sur- 
face into a space 1 200 or 1400 times less, the heat 
thence resulting will be 1200 or 1400 times 
greater ; but, on account of the dispersion of the 
rays, it will be sufficient to suppose this light to 
be a thousand times denser than the direct light, 
and the heat in proportion. A mirror of this 
)dnd then, by collecting the lunar rays^ wouldL 
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produce in its focus a heat looo times greater 
than that of the moon. If 300000 thousand there- 
fore be divided by 1000, we shall have for quotient 
300, which expresses the ratio of the direct solar 
neat to that of the moon thus condensed. But a 
heat 300 times less than the direct heat of the sua 
is not capable of producing any effect on the liquor 
in the thermometer. This fact then is far from 
being inexplicable, ^s we are told by the author of 
the History of the Progress of the human Mind in 
Philosophy^* J for it is a necessary consequence of 
Bouguer's calculations, which this writer no doubt 
overlooked. 

We shall, in the last place, observe, that Boiu 
guer found, by a mean calculation, that the splen* 
dour of the sun, when on the horizon, supposing 
the sky to be free from clouds or fog, is about 
2000 times less than when elevated 66^. The case 
ought to be the same also with the light of the 
moon. 

PROBLEM LXIII. 

f ' 

Of certain Optical Illusions. i -. 

I. 

If you take a seal with a cypher engraved on it, 
and view it through a convex glass of an inch or 
more focal distance, the cypher or engraving wiH 
be seen sunk in die stone as it r^ly is ; but if you 
continue to look at it, without changing your situa- 

* Saverien Histoire dm Progrès de T Esprit humain dans hs 
Ssiences physiques. 
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.don, you tnll socn.jieé it in relief j and bj still 

continuing to. look at it, you witl see it once lïiore 

sunk, and then agwi in relief. Sometinnies, after 

: having disconliniied to' JÎook ât it^ instead of seeing 

.it sunk, it will appear in relief; it will then ^ppéaix 

. sunk, and so on. When the aide of the light is 

changed» this generally causes a change in the ap^ 

pearanceé 

Some have taken 1 good deal df pains to discover 

the cause of this illusion; which in our opinion 

. may be exphdned without . much difficijlty. When 

• an object is viewed with a lens, of a short focal tli- 

stance, and consequently with one eye, we judge 

-very imperfectly of the distance» and the imagi- 

^ nation has a great share in that assigned to the 

; image which we perceive. On the other hand, the 

'posidon of 'the shadow can never serve to rectify the 

•judgment formled ofiit: for if the engraving is 

tholiow, suidif the light comes from the right the 

shadow is on the right; it is also on the right if the 

engraving is in relief, and if the light comes from 

the left. But when an engraved stone is attendvely 

viewed with a magnifying glass, we do not pay atten* 

tion to the . side from which the light proceeds. 

Here then every thing, as we may say, is ambiguous 

and uncertain; consequently it is not surprising 

that the organ of sight should form an undecisive 

and condnually variable judgment ; but we are 

fully persuaded that an experienced eye will not 

i£ïll into these variations. 

The same phenomenon is not observed when the 
experiment is performed, with a piece of money. The 
reason of this probably is^ that we are accustom-* 
ed to handle such pieces, and to see the figures 
on them in relief, which does no^ permit the mind 
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to form, in consequence of the image painted in the 
eye, 'any other idea than that which it always has 
had on seeing a piece of money, viz, that of figures 
in relief. 

II. 

If a glass decanter, half filled with water, be 
presented to a concave mirror, and at a proper di- 
stance, that is to say between the centre and the 
focus, it will be seen inverted before the mirror* 
But it is very singular, in regard to many persons, 
though it is not general, that they imagine they see ^ 

the water in the half of the botde next the neck, 
which is turned downwards. For our part, we arc 
of opinion that the cause why some think they 
see the water in this situation, arises from their 
knowing by experience that if a bottle half filled 
with water be inverted, the fluid will descend into 
the lower part, or that next the neck. % 

Another cause concurs to make us judge in this 
manner. When a decanter is half full of very pure 
water, each half is as transparent as the other, and 
the presence of the water is perceived only by the 
reflection of the light which takes place at its siir-. 
face ; but in the inverted image this surface reflects 
the light below, and even with the same force ; by 
which means we are led to conclude that the fluid 
is at the bottom. 

This subject may be farther exemplified as follows. 

Take a glass bottle ; fill it partly with water, and 
cork it in the'usual way : place this bottle opposite 
a concave mirror^ and beyond its focus, that it may 
appear reversed: then place yourself still farther 

\OL. II. z 



S32 OlPTICAL 

f ■ 

distant than the bottle, and this will be seen inverted 
in the air, and the water, which is really in the 
lower part of the bottle, will appear to be in the 
upper. See fig. 52, 5^ pi. 17.— If the bottle be 
inverted while it is before the nûrrqr, the image 
will appear in its natural erect position, and the water 
will appear in the lower part of the bottle. While 
it is in this inverted state, uncork the bottle, then 
while the water is running out, the image is filling. 
But as soon as the bottle is empty, the illusion 
ceases. The illusion also ceases when the bottle is 
quite full. 

The remarkable circumstances in this experiment 
are, i st. Not only to see an object where it is ixoty 
but also where its image is not. 2d. That of two 
objects which are really in the same place, as the 
surface of the bottle and the water it contains, the ^ 
one is seen in one place, and the other in another, &c. 
— ^It is conceived that this illusion arises, partly from 
our not being accustomed to see water suspended in 
a bottle with the neck downward, and partly from 
the resemblance there is between the colour of water 
and the air. 

Additional Amusemoits and Experiments with Concave 
Mirrors^ Idcj as described by Mr. Adams^ Mr. 
Jones^ îffc. 

I. Placing yourself before a concave mirror, but 
farther from ic than the centre, you will see an in- 
verted image of yourself, but smaller, in the air 
between you and the mirror ; holding out your 
hand towards the mirror, the hand of the image 
will come out towards your hand, and when at the 
centre of concavity, be of an e^ual size with it ; 
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ând you may as it were shake hands with this 
aerial image. On advancing your hand farther, 
the hand of the image passes by your hand, and 
comes between it and your body : on moving your 
hand towards one side, the hand of the image moves 
towards the other, the image moving always contraiy- 
wise to the object. All this while, the by-standers see 
nothing of the image, because none of the reflected 
rays which form it enter their eyes. To render this 
effect more surprizing, and more vivid, the mirror 
is often concealed in a box, after the manner as we 
shall shew presently. In fact, the appearance of the 
image in the air, between the object and the mirror^ 
has been productive of many agreeable deceptions» 
which, when exhibited with art and an air of mystery, 
have been very successful, and the source of emolu- 
ment to many of our public showmen. In this 
manner they have exhibited therîmages of animated 
and other objects, in such a way, as to surprize the^ 
iraorant, and please the scientific, or better in- 
formed. 

2. Mr. Ferguson mentions two pleasing experi- 
ments to be made with a concave mirror, which 
may be easily tried. If a fire be made in a large 
room, and a smooth, well-polished mahogany table 
be placed at a good distance near the wall, before 
a large concave mirror, so that the light of the 
fire may be reflected from the mirror to its focus 
on the table ; if you stand by the table, you will' 
see nothing but a long beam of light ; but if you 
stand at some distance, as towards thc| fire, you 
will see, on the table, an image of the fire, large 
and erect : and if another person, who knows no- 
thing of the matter before hand, should chance to 
enter the room, he will be staitled at the appear- 



S5i CAMERA OBSCURA. . 

anccj for the table will seem to be on fire, and, 
being near the wainscot, to endanger the whole 
house. For the better deception, there ought to be 
no light in the room but what proceeds from the 

nre. 

3. If the fire be darkened by a screen, and a 

large candle be placed at the back of the screen ; 

then a person stancUng by the candle will see the 

appearance of a fine large star, or rather planet» 

on the table, as large as Jupiter or Venus ; and if a 

small wax taper be placed near the candle, it will 

appear as a satellite to the planet ; if the taper be 

moved round the candle, the satellite will be seen 

to go round the planet. 

4. The Simple Camera Obscur a. 

A camera obscure, very useful to painters, artists, 
&c, may be easily constructed by means of a angle 
lens only. When landscapes or distant objects are 
to be represented, a lens from 4 to 1 2 feet focus may 
be used, according to the size of the room and the 
picture. But for representing smaller figures, models, 
or pictures, a lens from about 9 to 12 inches 
focus, and about 2 inches and a half in diameter, 
will be best. It must be fixed in a ball and socket, 
or, simply in the window shutter of the darkened 
room. See fig. 54 pi. 17. A small temporary 
wooden frame or stage, B, may be attached to the 
shutter, on which must be steadily fixed the figure 
or picture C, inverted. To suit lenses of different 
foci, the stage may be conveniently from 1 2 to 24 
inches in length. 

A white paper screen, D, being brought by trial 
to a suitable distance within the darkened room, will 
receive a beautiful representation of the externa^ ob*» 
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jects, and from which the artist may readily copy, 
or trace the various parts of them. 

By means of a plane reflecting glass mirror, 
placed pbliquely, the images may be reflected down 
on a white painted table, or one covered with white 
paper, within the room : b\it in this case they will 
not appear bright or distinct, owing to the light be- 
ing somewhat diminished by this reflection. 

5. The Dioptrical Paradox^ or Optical Deception. 
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Plate 17 fig. s $9 represents the dioptrical para- 
dox. It consists of a mahogany base A B C D, 
about 8 inches square, with a groove, in which slides 
various coloured prinis, or ornamental drawings : 
and connected with the base are, a pillar E, a hori- 
zontal bar F, with a perspective G, which is placed 
exactly over the centre of the base, and containing 
a glass of a particular form. The curious and sur- 
prizing eflfect of this instrument is, that an ace of 
diamonds, in the centre of one of the drawings, 
when placed on the base, shall through the per- 
spective G be actually represented as the ace of 
clubs ; a figure of a cat in another, seen as an owl ; 
a letter A, as an O ; and a variety of others equally 
astonishing. 

The principle of this machine Is very simple, and 
is as follows. The glass in the tube G, which pro- 
duces this change, is somewhat on the principle of 
the common multiplying glass, and is represented 
at fig. ^6. The only difference is, that its sides are 
flat, and diverging from its hexagonal base upwards, 
to a point in the axis of the glass, like a pyramid, 
each side forming an isosceles triangle. Its distance 
from the eye is to be so adjusted, that each angular 



336 OPTICAL PARADOX. 

side, by its refractive power on the rays of light 
coming from the border of the print, and such a 
portion d^esignedly tb«re placed, will refract to the 
eye the various parts as one entire figure to be re^ 
presented ; the shape of the glass preventing any 
appearance of the original figure in the centre, such 
as the ace of diamonds, being seen : so that the 
ace of clubs being previously and mechanically 
drawn on the circle of refraction, at six different 
pares of the border, i, 2, 3, 4, 5, 6, fig. 57, 
and artfully disguised there by blending them with 
-it ; then the glass in the tube G will change, in 
appearance, the ace of diamonds into the ace of 
clubs. And in like manner for the other prints, 

6f The Optical Parados^, 

Plate 17, fig. 58, is a representation of the double 
perspective, or optical paradox. One of the per- 
spectives of the instrument being placed before the 
eye, an object will be seen directly through both, 
A board A, or any opake object, being interposed, 
will not make the least obstruction to the ravs; 
and the observer will be surprized that he sees 
through a perspective having the property of pene- 
trating as it were either solid metal or wood. 

The artifice in this instrument consists chiefly in 
four small plane mirrors, ^, b^ r, rf, of which a 
and d are placed at an angle of 45 degrees in the 
two perspectives, and b and c parallel to them in 
the trunk below ; this being so formed as to appear 
only as a solid handle to the two perspectives. It 
IS hence obvious that, on the principle of catoptrics, 
the object T, falling on the first mirror d^ will be 
Reflected down to c, thence to by then up to a^ and 
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SO out to ûït eye, giving the appearance of the 
straight lineal direction a d. 

7. The Endless Gallery. 

Fig. 59, pi. 1 7, represents a box, about 1 8 inches 
in length, 12 in width, and 9 deep, or any others 
that are nearly in the same proportions. Against 
each of its opposite ends A and B within place a 
plane true-ground glass mirror, as free from veins 
as possible, of the dimensions nearly equal to the 
faces, only allowing a small space for a transparent 
paper, or other cover, at top. From the middle of 
the mirror C, placed at B, take off neatly a round 
surhce of the silvering, about an inch and half in 
diameter, against which, in the end of the box, 
must be cut a hole of the same size, or less. The 
top of the box should be of glass, covered with 
gauze, or of oiled transparent paper, to admit as 
much light as possible into the box. On the two 
longer sides within must be cut or placed two 
grooves, at E and F, to receive various drawings 
or paintings. Indeed many grooves may be cut m 
the sides, for the reception of a vaiiety of objects. 
Two paintings or good drawings, of any perspective 
subject, must be made on the two opposite faces of 
a pasteboard, as at iig. 60, 61, such as a forest, gar- 
dens, colonnades, &c: after having cut the blank 
parts neatly out, place them in the two grooves, K, 
F, of the box. Take also two other boards, of the 
same dimensions, painted on one side only with 
similar subjects, to be placed at the opposite ends 
C and D ; observing that the one which is to be 
placed against C should have nothing drawn there to 
prevent the sight, and that the other, for the opposite 
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^d D, should also not be very full of figures, that 
after being neatly cut out, and placed against the 
glass, it may cover but- a small part of it. The top 
being then closed over with its transparent cover, the 
instrument is ready for use. 

The effect is very striking and entertaining. The 
eye, being applied to the hole C, will see the various 
objects drawn on the scenes reflected in a successive 
and endless manner, by being reflected alternately 
from each mirror to that wldch is opposite. As 
for instance, if they be trees, they will appeaf an en- 
tire grove, very long, seemingly without end ; each 
mirrpr repeating the objects more faintly, as the 
reflections are more numerous, and so contributing 
still more to the illusion. 

Ingenuity will suggest a variety of amusing 
figures, of men, women, &c, to increase the 
effect. And two mirrors may also be placed oa 
the longer sides, to convey an idea' of great 
breadth, as well as length. 

8. The Real Apparition. 

Behind a partition A B, (fig. 62 pi. 18% place 
somewhat inclined a concave mirror E F, which 
must be at least 10 inches in diameter, and its di- 
stance equal to three-fourths from its centre. In 
the partition is cut a square or circular opening, of 
7 or 8 inches in diameter, directly opposite to the 
mirror. Behind this a strong light is so disposed 
as to illuminate strongly an object placed at C, 
without shining on the mirror, and without being 
seen at the opening. Beneath the aperture, and 
behind the screen, is placed any object at C, which 
is intended to be represented, but in an inverted 
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position, which may be either a flower, or figure, 
or picture, &c. Before ;he partition, and below the 
aperture, place a flowerpot D, or other pedestal suit- 
able to the object C, so as the top may be even with 
the bottom of the aperture, and that the eye placed 
at G may see the flower in the same position as if 
its stalk came out of the pot. The space betweea 
the mirror and the back part of the partition being 
painted black, to prevent any extraneous light being 
reflected on the mirror ; and indeed the whole dis- 
posed so as to be ais little enlightened as possible. — 
Then a person placed at G will perceive the flower, 
or other object, placed behind the partition, as if 
standing in the flowerpot, or pedestal : biit on 
putting forth his hand to pluck it, he will find that 
he grasps only at a phantom. 

Fig. 63 pi. 18, represents a different position of 
the mirror and partition, and better adapted for ex- 
hibiting effect by various objects. A B C is a thin 
partition of a room, down to the floor, with an 
aperture for a good convex lens turned outwards* 
into the room, nearly in a horizontal direction, 
proper for viewing by the eye of a person standing 
upright fromi the floor or footstool. D is a large 
concave mirror, supported at a proper angle, to re- 
flect upwards through the glass in the partition B, 
images of objects at E, presented towards the mirror 
below. A SLrong light from a lamp &c. being din 
rected on the object E, and no where else ; then to 
the eye of a spectator at F, in a darkened room, it 
is truly surprizing and admirable to what effect the 
images are reflected up into the air at G. 

It is from this arrangment that a showman, both 
in London and the country, excited the people to 
the surprize of wonderful apparitions of various 
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kinds of objects, such as a relative's features for his 
own, paintings of portraits, plaster figures, flowers, 
fruit, a sword, dagger, death's head, &c. 

The phenomena to be produced by concave mir- 
rors are endless; what have been just described, will 
be a sufBcient specimen of what might be exhibited 
to elucidate the principles of that curious machine* 

PROBLEM LXIV. 

Is it true that Light is reflected with more Vivacity front 

Air^ than from Water ? 

This assertion is certainly true, provided it be 
understood in a proper sense, that is as follows : 
when light tends to pass from air into water, under 
a certain obliquity, such as 30^ for example, the 
latter reflects fewer rays, than when the light tends, 
under the same inclination, to pass from water into 
air. But what is very singular, if the air were en- 
tirely removed, so as to leave a perfect vacuum in 
its stead, the light, so far from passing with more 
facilicy through this vacuum, which could oppose 
no resistance, would experience more difficulty, and 
more rays would be reflected in the passage. 

We do not know why this has been given in the 
Philosophical Transactions as a paradoxical novelty ; 
for this kind of phenomenon is a necessary conse- 
quence of the law of refraction. When light indeed 
passes from a rare medium into a denser, as from air 
into water, the passage is always possible ; because 
the sine of the angle of refraction is less than that 
of the angle of incidence, that is to say, these sines, 
in the present case, are in the ratio of 3 to 4. But, 
on the otfier hand, when light tends to pass obliquely 
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from vr^ter into air, the passage under a certain 
degree of obliquity is impossible, because the sine 
of the angle of refraction is always much greater 
than that of the angle of incidence, their sines, in 
this case, being in the ratio of 4 to 3. There is 
therefore a certain obliquity of such a nature, that 
the sine of the angle of refraction would be much 
greater than the radius ; and this will always happen 
when the sine of the angle of iivjidence is greater, 
however small the excess, than ^ of the radius, 
which corresponds to an angle of 48^ 36'. But a 
sine can never exceed radius, consequently it is im- 
possible, in this case, that the ray of light should 
penetrate the new medium. Thus while light passes 
from a rare medium into a denser, from air into' 
water for example, under every degree of inclina- 
tion, there are some rays, viz, all those which form 
with therefracting substance an angle less than 41 ^ 24', 
that will not admit of the passage of light from 
water into air: it is then under the necessity of 
being reflected, and refraction is changed into re- 
flection. But though light may pass from water 
into air, under greater angles of inclination, thii 
tendency to be reflected, or this diflSculty of pro- 
ceeding from one medium into another, is conti- 
nued at all these angles, in such a manner, .that 
fewer rays are reflected when they tend to pass 
from air into water under an angle of 60®, than 
when they tend to pass from water into air under 
the same angle. In the last place, when light tends 
in a perpendicular direction from water into air, it is 
more reflected than when it tends to pass in the 
same direction from air into water. 

1 his truth may be proved by a very simple expe-^ 
riment. Fill a bottle nearly two thirds with quick- 
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silver, and fill up the other third with water ; by 
which means ypu'wili have two parallel surfaces^ one 
of water, and the other of quicksilver. If you then 
place a luminous object at a mean height between 
these two surfaces, and the eye on the opposite side 
at the same height as the object, you will see the 
object through the bottle, and reflected almost with 
equal vivacity from the surface of the quicksilver, 
and from that whkrh separates the water and the 
air. The air then, in this case, reflects the light 
vith almost as much vivacity as the quicksilver. 

REMARKS. 

I St. We have reason therefore to conclude, that 
the surface of the watery to beings immersed in that 
fluid, in a much stronger reflecting mirror, than it 
is to those beings which are in the air. Fishes see 
themselves much more distinctly, and clearly, when 
they swim near the surface of the water, than wd 
see ourselves in the same surface. 

2d. Nothing is better calculated than this pheno- 
menon to prove the truth of the reasons assigned 
by Newton for reflection and refraction. Light 
passing from a dense fluid into a rarer, is, according 
to Newton, exactly in the same case as a stone thrown 
obliquely into the air ; if we suppose that the power 
of gravitation does not act beyond a determinate 
distance, such for example as 24 feet ; for it may 
be demonstrated that, in this case, the deviation of 
the stone would be exactly the same, and subject to 
the same law, as that followed by light in refraction. 
There would also be certain inclinations under 
which the stone could not pass from this atmo- 
sphere of gravity, though there were nothing be- 
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yond it capable of resisting it, and even though 
there were a perfect vacuum. 

In this case however we must not say as a certain 
celebrated man, when explaining the Newtoniaa 
philosophy, that a vacuum reflects light : this is 
only a mode of speaking. To express our ideas 
correctly, we ought to say that light is sent back 
with greater force to the dense medium, as the me- 
dium beyond it is rarer. 

We are far from being satisfied with what is said 
on this subject in the Dictionnaire d^ Industrie ^ into 
which one may be surprised to sec optical pheno- 
mena inttoduced ; for it is there asserted, that this 
phenomenon depends on the impenetrability of 
matter, and the high polish of the reflecting surface* 
But when light is strongly reflected, during its pas- 
sage from water into a vacuum, or a space almost 
free from air, where is the impenetrability of the 
reflecting substance, since such a space has less im- 
penetrability than air or water? Ii; regard to the , 
polish of the reflecting surface, it Is the same, both 
for the ray which passes from air into water, and 
that which passes from water into air. 

PROBLEM LXV. 

Account of a Phenomenon^ either not observed^ or hitherto 

negkcted by Philosophers. 

If you hold your finger in a perpendicular direc- 
tion very near your eye, that is to say, at the di- 
stance of a few inches at most, and look at a candle 
in such a manner, that the edge of your finger shall 
appear to be very near the flame, you will see the 
border of the fliame colguxed red. If yoH then 
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move the edge of your finger before the flame, so 
as to suffer only the other border of it to be seen» 
this border will appear tinged with blue, while the 
edge of your finger will be coloured red. 

If the ëame experiment be tried with an opake 
body surrounded by a luminous medium, such for 
example as the upright bar of a sash window, the 
colours will appear in a contrary order. When a 
thread of light only remains between your finger 
and the bar, the edge of the finger wUl be tinged 
red, and the edge next the bar will be bordered 
with blue ; but when you brine the edge of your fin- 
ger near the second edge of me bar, so that it shall 
be entirely concealed, this, second edge will be tinged 
red, and the edge of the finger womd doubtless ap- 
pear to be coloured blue, were it posdble that this 
dark colour could be seen on an ot^cure and brown 
ground. 

This phenomenon depends no doubt on the. dif- 
ferent refi-angibility of light ; but a proper explana- 
tion of it has never yet been given. 

PROKLKM LXVU 

Of some oiher Curions Phenomena in regard to Colours 

and Vision. 

I. 

Wh£N the window is strongly illuminated by the 
light of the day, look at it sreadily and with atten- 
tion for some minutes, or until your eyes become a 
little fatigued ; if you then shut your eyes, you will 
see in your eye a representation of the squares which 
you looked at ; but the place cf the bars will be lu- 
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mînous and white, while that of the panes will be 
black and obscure. If you thea place your hand 
before your eyes, in such a manner as absolutely to 
intercept the remainder of the light which the eye- 
lids suffer to pass, the phenomenon will be changed ; 
for the squares will then appear luminous, and the 
bars black : if you remove your hand, the panes 
will be black again, and the place of the bars 
luminous. 

II. 

If you look steadily and with attention for some 
time at a luminous body, such as the sun, when you 
direct your sight to other objects in a place very 
much illuminated, you will observe there a black 
^pot : a little less light will make the spot appear 
J^lue, and a degree still less will make it become 
purple : in a place absolutely dark, this spot, which 
you have at the bottom of your eye, will become 
luminous. 

III. 

If you look for a long time, and till you are 
somewhat fatigued, at a printed book through green 
glasses ; on removing the glasses, the paper of the 
book will appear reddish : but if you look at a book 
in the same manner, through red glasses ; when you 
lay aside the glasses, the paper of the book will ap- 
pear greenish. 

IV. 

If you iQok with attention at a bright red spot on 
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a white ground, as a red wafer on a piece of white 
paper, you will see, after some time, a blue border 
around the wafer ; if you then turn your eye from 
the wafer to the white paper, you will see a round 
spot of delicate green, inclining to blue, which will 
continue longer according to the time you have 
s looked at the red object, and according as its splen- 
dour and brighmess have been greater. On direct- 
ing your eyes to other objects, this impression will 
gradually become weaker, and at length disappear. 

If, instead of a red wafer, you look at a yellow 
one J on turning your eye to the white ground you 
will observe a blue spot. 

A green wafer on a white ground, viewed in the 
same manner, will produce in the eye a spot of a 
pale purple colour : a blue wafer will produce a 
spot of a pale red. 

In the last place, if a black wafer on a white 
ground be viewed in the same manner, after looking 
at it for some time with attention, you^will observe 
a white border form itself around the wafer ; and if 
you then turn your eye to the white ground, you 
will observe a spot of a brighter white than the 
ground, and well defined. When you look at a 
white spot on a black ground, the case will be re- 
versed. 

In these experiments, red is opposed to green, ' 
and produces it, as green produces red ; blue and 
yellow are also opposed, and produce each other ; 
and the case is the same with black and white, which 
evidently indicates a constant effect depending oa 
the organization of the eye. 

This is what is called the Accidental colours^ an 
Qbject first cgnsidered hy Dr Jurin, which BuflFon 
afterwards extended, and respecting which he trans- 
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mîtted a memoir în 1 743 to the Royal Academy of 
Sciences. This celebrated man gave no explanation 
of these phenomena, and only observed that, though 
certain in regard to the correctness of his ejcperi- 
ments, the consecjuences did not appear to be so 
well established ad to admit of his forming an opi- 
ftiori on the production of these colours. There is 
reason however to believe that he would have es:- 
plained the cause, had he not been prevented by 
other occupations. But this deficiency has been 
supplied by Dr Godard of Montpellier ; for the ex- 
planation which he has given of these phenomena, 
and several others of the same kind, in the Journal 
4f Physique for May and July 1776, seems to bo 
perfectly satisfactory. 
• 

PROBLEM LXVIU 

To determine how long the Sensation of Light rentains in 

the Eye. 

The following phetiomenoû^ which depends on 
this duration, iâ well known. If a. fiery stick be 
moved round in a circular manner, with a motion 
sufficiently rapid, you will perceive a circle of fire* 
It is evident that this appearance arises merely from 
the vibration impressed on the fibres of the retinar 
not being obliterated, when the image of the fiery 
end of the stick again passes over the same fibres ; 
and therefore, though it is probable that there is 
only one point of light on the retina, you every mo« 
ment receive the same sensation as if the luminous 
point left a continued trace. 

But it has been found by calculating the velocity 
of a luminous body put in motion, that when it 
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makes its revolution in more than 8 thirds^ tBe 
string of fire is interrupted; and f hence there » 
reason to conclude, that the impression «made on 
the fibre continues during that interval of time. 
But it may be asked, whether this time is the same 
for every kind of fight, whatever be its intensity ? 
We do not think it is ; for a brighter Ught must 
excite a livelier and more durable impression. 



SUPPLEMENT, 

« • 

Containing a short Account rfibi Most Curious Micro* 

scopkal ObsmrvatimSé ^ 

PHILOSOPHERS were no sooner in possession 
of the microscope, than they began to employ this 
wonderful instrument in examining the structure of 
bodies, which, in consequence of their minuteness, 
iiad before eluded their observation. There is 
scarcely an object in nature to which the micro- 
scope has not been applied; and several have exhibit- 
ed such a spectacle as no one could have ever 
imagined. What indeed could be more unex- 
pected than the animals cf moleculas (for philoso- 
phers are not yet agreed in regard to their ani- 
mality) which are seen swimming in vinegar, in the 
infusions of plants, and in the semen of animals ? 
What can be more curious than the mechanism in 
the organs of the greater part of insects, and parti- 
cularly those which in general escape our notice ; 
such as the eyes, trunks,^ feelers, terebrae or augres, 
&c? What more worthy of admiration than the com- 
position of the blood, the elements of which we are 
enabled to perceive by means of the microscope j 
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Ihe testate of the e{»dermis, the structure of the 
lichen, that of mouldiness, &c ? We shall here take 
a view of the principal of these phenomena^ and 
give a short account qf the most curious observai 
tions of this kind» 

Of the Animals^ $r Pretended Animals, in. Vinegar and 

the infusions of plants. 

istw Leave vinegar exposed for some days to the 
air, and then place a drop of it on the transparent 
object-plate of the microscope, whether single or 
compound : if the object-plate be illuminated from . 
below, you will observe in this drop of liquor, ani- 
« inals resembling small eels, which are in continual 
motion. On account of the circumvolutions which 
they make with their long, slender bodies, they may 
be justly compared to small serpents. 

But it would be wrong, as many simple people 
have done, to ascribe die acidity or vinegar to the 
action of these animalcules, whether real or suppos* 
ed, on the tongue and the organs of taste ; for vin&* 
gar deprived of them is equally acid, if not more 
so. These eels indeed, or serpents, are never seen 
but in vinegar which, having been for some time 
• exposed to the air, is beginning to pass from acidity 
to putrefaction. 

ad. If you infuse pepper, slightly bruised, in pure 
water for some days, and then expose a drop of it 
to the microscope, you will behold small animals of 
another kind, almost without number. They are 
of a moderately oblong, elliptical form, and are 
seen in continual modon, going backwards and for* 
wards in all directions ; tunung aside when they 
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meet each other^ or when their passage is stoppeâ 
by any immcveable mass. Some of them are ob« 
served sometimes to lengthen themselves, in order 
to pass through a narrow space. Certain authors 
of a lively imagination, it would appear, even pre- 
tend to have seen them copulate, and bring forth ; 
but this assertion we are not bound to believe. 

If other vegetable bodies be infused in water, you 
will see animsdcules of a different shape. In certain 
infusions they are of an oval form, with a small bill, 
I and a long tail : in others thoy have a lengthened 
shape tike Uzards : in some they exhibit the appear- 
ance of certain caterpillars, or wormsV armed with 
long bristles ; and som« devour, or seem to devour 
their companions. 

When the drop in which they swim about, and 
which to them is like a capacious bason, becomes di- 
minished by the effect of evaporation, diey gradually 
redre towards the middle, where they accumulate 
themselves, and at length perish when entirely de« 
prived of moisture. They then appear to be in great 
distress ; writhe their bodies, and endeavour to escape 
from death, or that state of uneasiness which they 
experience. In general, they have a strong aversion 
to saline or acid liquors. If a small quantity pf vi- 
triolic acid be put into a drop of infusion which 
«warms with these insects, they immediately throw 
themselves on their backs and expire ;« sometimes 
losing their skin, which bursts, and suffers to escape 
a quantity of small globules that may be often seen 
through their transparent skin. The case is the same 
if a little urine be thrown into the infusion. 
,. A question here naturally arises : ought these 
moveable moleculae to be considered as animals i 
On this lubject opinions are divided. Buffbn thinks 
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they are hot animals ; and consigns them^ as well as 
spermatic animals^ to the class of certain bodies 
which he call^ orgamc molecula* But what is meant 
by the expression organic molecule ? As this ques- 
tion would require too long discussion^ we must refer 
the teader to the Natural History of that learned and 
celebrated writer. 

Needham also contests the animality of these small 
bodies, that is to say perfect animality, which consists 
in feeding, increasing in size, multiplying, and being 
endowed with spontaneous motion ; but he allows 
them a sort of obscure vitality, and from all hi^ 
observations he deduces consequences on which he 
has founded a very singular system. He is of opi- 
nion that vegetable matter tends to animalise itself. 
As the eels produced in flour paste act a conspicu- 
ous part in the system of this naturalist, a celebrated 
writer ha» omitted no opportunity of ridieuling his 
ideas, by calling these animals the eels of the Jesuit 
Needham, and representing him as a partisan of spon- 
taneous generation, which has been justly exploded 
by all the modem philosophers. But ridicule is not 
reasoning: we are so little acquainted with the 
boundanes between the vegetable and animal king- 
doms, that it would be presuming too much to fix 
them. But it must be allowed that Needham's ideas 
on this subject are so obscure, that in our opinion 
few have been able to comprehend them. 

Other naturalists and observers assert the animal- 
ity of these small beings : for they ask, by what 
can an animal be better characterized than spontane- 
ity of motion? But these moleculss, when they meet 
each other in the course of their movements,^ retire 
backwards, not by the effect of a shock as two elastic 
bodies would do» but the part which is generally fore- 
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most turns aside on the iqpproach of the body tfalH( 
meets it : and sometimiss both move a little from Aoac 
direction, m order to avoid running against each 
other. They have nfever yet indeed been seen fût 
certain to copulate, to produce eggs, or even to feed; 
but the lart mentioned function they may pcrfonti 
without any apparent act like the greater part 
of the other animalcules. The smallness and strange 
form of these moleculœ can afford no argumenit 
against their animality. That of the water polypes 
IB at present no longer doubted, though their form is 
▼ery extraordinary, and perhaps more so than that 
of the moving moleculae of infusions. Why them 
should animality be refused to the latter? 

It might however be replied, in opposition to this 
supposed sÛTÛlarity, that the potypeis ^een to increase 
in size, to regenerate kself, in a way indeed very diâèr^ 
,€nt from th^t of the generality of aimmals, and in 
particular to feed. The pretended mictoçcopic ani- 
mals do nothing'of the kind, and consequently ought 
Slot to be ranked in the sa)me class. But it must be 
allowed that this subject is still involved in very great 
obscurity ; and therefore prudence requires that wc 
should suspend our opinion respecting it. 

§IL 

0/ Spermatic Anjmals* 

Of the microscopic discoveries of the last century^ 
none has made a greater noise than that of the mov- 
ing molecule observed in the semen of animals, and 
which are called Spermatic animalcules. This singu* 
lar discovery was first made and announced by the 
selcbrattd Jt^cwenhoek, who observe^ i& the humaà 
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eemen a muJtxtude of small bodies, most of them 
with very long slender tails, and in continual moÉbn. 
In size they were much less than the smallest grain 
of sand, and even so minute in some seminal liquors 
that a hundred thousand, and even a million of them 
^re not equal to a poppy seed. By another caMlila- 
don Lewenhoek has shewn, that in the milt of a 
x:od-fish, there are more animals of this species, than 
human beings on die whole surface of the earth. 

Lewenhodc examined also the prolific liquor of -;a 
great many animak, both quadrupeds and birds, and 
that even of somç insects. In all these he observed 
nearly the same phenomenon ; and these researches 
aince repeated by many other obso^ers, have given 
rise to a system in regard to generation, which it is 
unnecessary here to explain. 

No one however has made more careful, or more 
^correct observations on. this subject, than Bufibn; 
.and for this reason we shall give a short view of 
them. 

This cdehrated naturalist, hating procured a 
considerable quantity of semen, extracted from the 
seminal vessels c^ a man who had perished by a vio* 
ient death, observed in it, when viewed, through an 
excellent microscopey longish filaments, which had 
a kind of vibratory motion, and which appeared to 
contain in the inside small bodies. The semen hav* 
Uig assumed a little more fluidity^ he saw these fila- 
ments swell up in some points, and oblong elliptical 
bodies; issue from them ; a part of which remained 
at first attached to the filaments by a very slender 
long tail. Some time after, when the semen had 
acquired a still greater degree of fluidity , the filame^ 
disappeared, and nothing remained in the liquor but 
tiiese oval bodies with tails, ixy the eztrcmity of 
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Which they seemed attached to the fluid, and oq 
Which they balanced themselves like 4 pendulum, 
having however a progressive motion, diough slow^ 

c and as it were embarrassed by the adhesion of their 
tails to the fluid ; they exhibited also a sort of heav* 
inAnotion, which seems to prove that they had not 
a flat'base, but that their transverse section was near- 

ily round. In about twelve or fifteen hours after, 
the liquor having acquired a still greater degree oC 
fluidity, the small moving mblecuLae had lost thdr 
tails, and appeared as elliptic bodies, mo\ing with 
great vivacity. In $hort as the matter became atte- 
nuated in a greater degree, they divided themselves 
more and more so as at length to disappear, or they 
were precipitated to the bottom of the liquor, and 
seemed to lose their vitality. 
. Buffon, while viewing these moving moleculae, 
once happened to see them file off like a regiment, 
seven by seven, or eight by eiehf , proceeding always 
in very close bodies towards me same side. Having 
endeavoured to discover the cause of this appearance^ 
he found that they all proceeded from a mass of fila^ 
meats accumulated in one comer of the spermatic 
drop, and which resolved itself successively in this 
manner into small elongated globules, all without 
tails. This circumstance reminds us of the singular 
idea of a naturalist, who observing a similar pheno- 
menon in the semen of a ram, thought he could 
there see the reason of the peculiar propensity which 
sheep have to follow each other, when they march 
together in a flock. 

Buftbn examined, in like manner, the spermatic 
iiquor of various other animals, such as the bull, the 
ram, &c, and always discovered the same moleculse, 
vrhiçb at first had ti^> find then gradually lost them 
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as the Hquor assumed more fluidity. Sometimes they 
seemed to have , no tail$, even on their first appear- 
ance and formation. In this respect, BuflFon's ob- 
servations diflner from those of Lewenhoek, who al- 
ways describes these animalcules as I|^ving tails, with 
which he says they seem to assist themselves in their 
movements; and he adds, tfiat they are seen to 
' twist themselves in different directions. Buflfon's 
observadons differ also from those of the Dutch 
naturalist in another respect, as the latter says that he 
never could discover any trace of these animalcoless 
in the semen or liquor extracted from the ovaria of fe- 
males ; whereas Buffon saw the same moving mole- 
cules in that liquor, but not so often, and only un- 
der certain circumstances. 

It appears, from what has been said, that many 
researches still remain to be made in regard to the 
nature of these moving moleculae ; since two observ- 
ers so celebrated do not agree in all the circum- 
stances of the same hcu 

Nothing of this kind is observed in the other 
animal fluids, such as the blood, lymph, milk, 
saliva, urine, gall, and chyle ; which seems to indi- 
cate that these animalcules, or living molecuUB,>aet 
a part in generation. 

sni- 

0/ the Animals or Moving Mokcula in Spoilt Com. 

This is another microscopic observation, whidi 
may Jusdy be considered as one of the most singular; 
for if we deduce from it all those consequences whidt 
some authors do» it exhibits an iiâtance of a resur« 
rection, repeated, as we may say, at pleasure. 
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The dkeate of <pm which pimluoet this pbeaa.r 
.^senon is A^il^er ftrau/t nor blight» as some authoit 
ibr want of 4 sufficpienc knowledge in regard to the 
ipedfic dtfierences of the maladies of grain» hav^ 
4ui9ertedt bitf ^Jjfif. oiight properly to be called abor^ 
«ipH or raabUU. tfa gram of cor q« in this state, be 
lopcfliedwitb caution ikix(il[ be found &Ued widi a whitç* 
^substance, which residiiy divides itself intaa multitude 
-of smally white elonratod bodies» Ukt small eds^swell- 
ltd up in the midcusr While tbe^ moleculk; for 
ye must be allowed as jet to rem^n neuter in re? 
^ard to their pretended animaltty^Bre in this state of 
Jiryness, they exhibit no «^ns of life ; but if moist? 
^ed with y^Ty pure water» they immediately pot 
themselves in motion» and shew every mark of ani,. 
finality. If ihe fluid drop» in which they are placed, 
jbe êoâêred 4k> . dry» they lotse tfadr motipn ; but it 
«ay be restored :to lAem at pleasure» t^ta sonae 
joàntbs after their apparent déadb» by immersing 
them in water. Fontana» an Italian natarali^^ does 
«oft- hesitate to consider this phenomenon as a real 
jresurrection* If this circumstance should be veri- 
fied by repeated observations, and that also of the 
Peruvian serpent, which may be restored to life by- 
plunging it in the mud, its natunu clement, several 
months after it has been suffered to dry at the end 
of a rope, our ideas xe$pecting animality may be; 
strangely"' changed. But we must confess that we 
give very little credit to the latter fact ; though 
Bouguer, who relates it on the authority of Father 
'Gvimilla a Jesuit and a French Surgeon, does not 
«itirely disbelieve it, 6ome other observers, such 
iks Roffredi, pretend to have distinguished, in these 
«el-formed moleculae» the aperture of the mouth ; 
that of the female parts of st;sc» &c. . They as- 
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4iert al$p that they have perceived t^ motion of the 
young ones contained in the belly of the mother eel^ 
and that having opened the body^ the young were 
seen to disperse themselves all over the object-plate 
of the microscope* These observation^ deserve to 
be further examined, as a confirmation oftheoi 
would throw gr^at light on aiitmality. ' . 

S IV. 

On the Movenicnts of the TrtmeOa. • 

- • * 

The tremella is that gelatinous, green plant, which 
forms itself in stagnant water, and which is iaiowii 
to naturalists by the name of^ conferva gelatinosa^ om^ 
nium tenerrima et mininia^ aquarum^ Unio imiasccm. It 
consists of a number of filaments interwoven through 
each other, which when considered singly are com- 
posed of small parts^ dxmt a line in length, united 
by articuladons. 

This natural production, when viewed with the 
naked eye, exhibits nothing remarkable or un« 
common ; but by means of microscopic observations, 
two very extraordinary properties have been disco« 
vered in it. Oae is, the spontaneous motion with 
which these filaments are endowed. If a single one 
sufficiently moistened, be placed on the object-plate 
of the microscope, its extremides are seen to rise and 
fall alternately, and to move sometimes to the right 
and sometimes to the left : at the same time, it 
twists itself in various direcdons, and without receiv- 
ing any external impression. Sometimes, instead 
of appearing extended like a straight line, it forms it- 
self into an oval or irregular curve. If two of them 
are placed side l)y side, they become twisted and 
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twined together^ and by a sort of imperceptible tnom 
tion, the one from one side, and the other from the 
oth^. This motion has been estimated by Adanson 
to be about the 400th part of a line, per minute. 

The other property of this plant is, that it dies 
-and revives, as we may say, several times ; for if 
several filaments, or a mass of tremella, be dried. 
It entirely loses the faculty above mentioned. It 
will remain several months in that state of death or 
sleep ; ' but when immersed in the necessary moist- 
ure, it revives, recovers its power of motion, and 
muldplies as usual. 

The abbe Fontana, a celebrated observer of Par- 
ma, does not hesitate, in consequence of these facts, 
to class the tremella among the number of the 
Zoophytes ; and to consider it as the link which con- 
nects the vegetable with the animal kingdom, or the 
animal with the vegetable ; in a word as an animal 
or a vegetable endowed with the singular property 
of bemg able to die and to revive alternately. But 
is this a real death, or only a kind of sleep, a sus- 
pension of all the faculties in which the life of the 
plant consists ? To answer this question it would be 
necessary to know exactly what is the nature of 
death ; a great deal might be said on this subject, 
were not such disquisitions foreign to the present 
work. 

^. V. 

Of the Circulation of the Blood* 

Those who are desirous to obser\'e the circula- 
tion of the blood by means of the microscope, may 
easily obtain that satisfaction. The objects env 
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f loyed chiefly for this purpose, are the dèliciate, 
transparent member which united the toes of the 
frog, and die tail of the tadpole. If this mem* 
brane be extended, and fixed on a piece of glass . 
illuminated below, you will observe with great 
satisfacdon the modon of the blood in the vesseb 
with which it is interspersed: you will imagine 
that you see an archipelago of islands with a rapid 
current flowing between them. 

Take a tadpole, and having wrapped up its body 
in a piece of thin, moist cloth, place its tail on the 
object-plate of the microscope, and enlighten it be- 
low : you will then see very distincdy the circula- 
tion of the blood ; which in certain vessels proceeds 
by a kind of undulations, and in others with an 
uniform motion. The former are the arteries, ia 
which the blood moves in consequence of the alter- 
nate pulsation of the heart; the latter are the 
veins. 

l*he circulation of the blood may be seen also in 
the legs and tails of shrimps, by putting these fish 
into«water with a little sale ; but their blood is not 
red. The wings of the locust are also proper for 
this purpose : in these the observer will see, not 
without satisfaction, the green globules of their blood 
carried away by the serosity in which they float. 
The transparent legs of small spiders, and those of 
$mall bugs, will also afford the means of observing 
the circulation of their blood. The latter exhibit 
an extraordinary vibration of the vessels, which 
Mr. Baker says he never saw any where else. 

But the most curious of all the spè(:tacles of thx^ 
kind, is that exhibited by the mesentery of a living 
frog, applied in particular to the solar microscope, 
^yhich Mr. Baker t^lls us he did in company with 
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pr. Alexander Stuard, pbyudan to the queeb. Tk 
18 impossible to express, says he, the wonderful 
scene which presented itself to our eyes. . We saw 
at the same moment the blood, which flowed in a 
f>rodigtous number of vessels, moving in some to 
one side, and in others to the opposite side. Several 
of these vessels were magnified to the si29e of an 
inch diameter ; and the globules of blood seemed 
almost as large as grains of pepper, while in some 
of the vessels, which were much smaller, they 
could pass only one by one, and were obliged to 
chwge their figure into tHat of an oblong sph^ 



S.vi. 

Cemposiii^n €f the Blood. 

With the end of a quill, or a very soft brush, 
lake up a small drop of blood just d^awn from a 
vein, and spread it at thin as possible over a bit of 
talc ; if you then apply to your microscope qpe of 
the strongest magnifiers, you will distinctly see its 
globules. 

By these means it has been found, that the red 
globules of the human blood are each composed of 
six smaller globules, united together; and that 
when disunited by any cause whatever, they are no 
longer of a red colour. These red globules are so^ 
^ceedingly minute, that their diameter is only the 
1 6oth part of a line, so that a sphere of a line in 
diameter would contain 4096000 of them. 
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S- VII- 

Of the. Skin ; iu Pores, and Scaler 

If you cot off a small bit of the epidermis by 
means of a very sbarfy razor, and place it on tfaie 
objecc-plate of the microscope f 3'ou will see it 
covered with a multitude of small scales, so exceed^ 
ingly nunute, that, according to Lewenhoek, a 
grain of sand would cover two hundred of than : 
that is to say» in the diameter of % grain of sand 
there are 14 or 15. These scales are arranged like 
those on the back of fishes, or like the tiles of a 
house ; that is, each covering the other. 

If you are desirous of viewing their form with 
more convenience, scrape the epidermis with a pen* 
knife, and put the dust ob:ained by these means 
into a drop of water : you will then observe that 
these scales, hi general, have fiv€ planes, and that 
each consists of several strata. 

Below these scales are the pores of the epider- 
mis, which when the former are removed, may be 
distinctly perceived, like small holes pierced with 
:ni exceedingly fine needle. I^wenhoek coimted 
120 in the length of a line ; so that a line square, 
10 of which form an inch, would contain 14400; 
consequently a square foot would contain 144000000^ 
and as the surface of the human body may be e»« 
tiroated at 14 square feet, it must contain aoi6 
millions. 

£ach of these pores corresponds in the skin to 
an excretoiy tube, the edge of which is lined with 
the epidermis. When the epidermis has been de- 
tached frc^ the skin, tt^esc . internal prolongadons 



S€û THttfAIR or AKIMAtt. 

of the epidermis may be observed in the same inan^ 
ner as we see in the -reverse of a piece of paper, 
{Herced with a blunt needle, the rough edge formed 
by the surface, which has been torn said turned in- 
wards. 

The jJores of the skin arc more particularly re- 
markable in the hands and the feet. If' you wash 
your hands well with soap, and look at the palm , 
with a common magnifier, yoii will see a multitude 
<^ furrows, between which the pores are situated. 
If the body be in a state of perspiration at the time, 
you will see issuing from these pores a small drop of 
liquor, which gives to each aie appearance of a 
fountain. 

§. vin. 

Of the Hair of Animals, 

The hairs of animals, seen through the micro-^ 
scope, appear to be organized bodies, like the other 
parts ; and, by the variety of their texture and con- 
formation, they afford much subject of agreeable 
observation. In general, they appear to be com- 
posed of long, slender, hollow tubes, or of several 
small hairs covered with a common bark; others^ 
such as those of the Indian deer,, are hollow quite 
through. The bristles of a cat's whiskers, when cut 
transversely, exhibit the appearance of a medullary 
part, which occupies the middle, like the pith in a 
twig of the elder-tree. Those of the hed?e-hbg 
contain a real giarrow, which is whitish, and formed 
of radii. 

As yet however we are not perfectly certain in 
regard to the organisation of the human hair* 
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Some observers, seeing a white line in the fnlddlei 
have concluded that it is a vessel which conveys the 
nutritive juice to the extremity. Others contest 
this observation, and maintain that it is merely ail 
optical illusion, produced by the convexity of the 
hair. It appears however that some vessel must be 
extended lengthwise in the hair, if it be true that 
blood has been seen to issue at the extremity of the 
hair cut from persons attacked with that disease 
culled the Plica Polonica. But quere, is this ob« 
servation certain i 

Singularities in regard fa the Eyes afmoit Jmectt. 

The greater part of insects have not moveable 
eyes, which they can cover with eye-lids at pleasure^ 
like other animals. These organs, in the former, 
are obsolutely immoveable; and as they ^re à^ 
prived of that useful covering assigned to others 
for defending them, nature has supplied this defi-- 
ciency by forming them of a kind of corneous sub-» 
stance, proper for resisting the shocks to which 
they might be exposed. 

' But it is not in this that the great singularity of 
the eyes of insects consists. We discover by the 
microscope that these eyes are themselves divided 
into a prodigious multitude of others much smaller* 
If we take a common ây, for example, and examine 
its eyes by the microscope, we shall find thlit it hat 
on each side of its head a large excrescence, like a 
flattened hemisphere. This may be perceived with- 
out a microscope ; but by means of this instrument 
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these hemispheric excrescences will be seen divided 
into a great number of rhomboids, having in the 
middle a lendculaf convexity, which performs the. 
part of the crystalline humom-. Hodiema counted 
more than 3000 of these rhomboids on one of the 
'eyes of^a common fly; M. Puget reckoned 8000 
on each eye of another kind of fly, so that there are 
some of these insects which have 16603 eyes ; and 
there are some which even have a much greater 
number, for Lewenhoek counted 14000 on each 
eye of another insect. 

These eyes however are not all disposed in the 
same manner : the dragon-fly, for example, besides 
the two hemispherical excrescences on the sides, 
has between ihese two other eminences, the upper 
and convex surface of which is furnished with a 
multitude of eyes, directed towards the heavens. 
The same insect has three also in front, in the form 
of an obtuse and rounded cone. The case is the 
same with die fly, but its eyes are less elevated. 

It is an agreeable spectacle, says Lewenhoek, to 
consider this multitude of eyes in insects ; for if the 
observer is placed in a certain manner, the neigh- 
bouring objects appear painted on these spherical 
eminences of a diameter exceedingly small, and by 
means of the microscope th^ are seen multiplied, 
almost as many times as there are eyes, and in such 
a distinct manner as never can be attained to by 

art. . 

A great many more observations might be made 
in regard to the organs of insects, and their won* 
derful variety and conformation, but these we shall 
reserve for another place* 
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S.x. 



Of the Mites in Ch^es^j and otber Imictsof th^ sam0 

kind. 

If you place on the object-plate of the microscopa 
some of the dust which is formed on the rind an4 
other neighbouring parts of old cheese, it will biç 
seen to swarm with a multitude of small transparent 
animals, of an oval figure, terminating in a pQÎnt| 
and in the form of a snout. These insects are fur^ 
nished with eight scaly, articulated legs, by mean) 
of which they move themselves heavily along, roll» 
ing from one side to the other ; their hes^d is ter? 
minated by an obtuse body in the form of a trun? 
cated cone, wherç the orgjm through which they 
feed is s^pparently situated. Their ' bodies, partici|9 
larly the lateral parts, are covered with several long 
sharp-pointed hairs, and the anus, bordered wico 
hair, is seen in the lower part of the belly. 

There are mites of another kind which havç 
only six legs, and which consequei^tly are of a dif^ 
ferent species. 

Others are of ^ vagabond nature, as the pbservcr 
calls them, and are found in all places where there 
are matters proper for their nourishment, 

This animal is extremely vivacious ; for Lewen*» 
hoek says that some of them, which he had attached 
to a pin before his microscope, lived in that m^xmçir 
eleven weeks. 
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' §. XI. 

Of the Louse and Flea. 

Both these animals are exceedingly disagreeable, 
particularly the latter, and do not seem proper for 
being the subject of microscopic observation ; but to 
the philosopher no object in nature b disagreeable, 
because deformity is merely relative, and Uie most 
hideous animal often exhibits singularities, which 
serve to make us better acquainted with the infinite 
variety of the works of the Creator. 

If you make a louse fast for a couple of days^ 
and then place it on your hand, you will see it soon 
attach itself to it, and plunge its trunk into the skin. 
If viewed in this state by means of a microscope, 
you will see, through its skin, your blood flowing 
under the form of a small stream, into its ventricle, or 
the vessel that supplies its place, and thence distri- 
buting itself to the other parts, which will become 
distended by it. 

This animal is one of the most hideous in nature : 
its head its triangular, and terminates in a sharp 
point, to which is united its proboscis or sucken 
On each side of the head, and at a small distance 
from its anterior point, are placed two large an- 
tennae, covered with hair; and behind these, to- 
wards the two other obtuse angles of the triangle, 
are the animal's two eyes. The head is united by a 
short neck to the corslet, which has six legs fur- 
nished with hair at the articulations, and with two 
hooks each at the extremity. The lower part of 
the belly is almost transparent, and on the sides has 
a kind of tubercles, the last of which are furnished 
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with two hooks. Dr. Hook, in his Micrograpbia^ 
has given the figure of one of these animals, about 
half a foot in length. Those who see the repre- 
sentation of this msect will not be surprised at the 
itching on the skin which it occasions to persons, 
who in consequence of dirtiness are infested with it. 
The flea has a great resemblance to the shrimp, 
as its back is arched in the same manner as the back 
of that animal. It is covered as it were with a coat 
of mail, consisting of large scales laid over each 
other ; the hind part is round, and very large in re- 
gard to the rest of the body ; its head is covered by 
a single scale, and at the extremity has a kind of 
three terebrae, by means of which the insect sucks 
the blood of animals. Six legs, with thighs exceed- 
ingly thick, and of which the first pair are remark- 
ably long, enable it to perform all its movements. 
The great size of the thighs is destined, no doubt, 
to contain the powerful muscles^ which are necessary 
to carry the insect to a height or distance equal to 
several hundred times its length. Being destined to 
make such large leaps, it was also necessary that 
it should be strongly secured against falls to which 
it might be exposed, and nature has made ample 
provision against accidents of this kind, by supply*- 
ing it with scaly armour. Figures of the flea and 
louse, highly magnified, will be found in the works 
of Hook and Joblot. 

§. XII. 

Mouldiness. 

Nothing can be more curious than the appear- 
ance exhibited by mouldiness, when viewed through 
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the mîcrbéfcôpe. Wheh seen by thé naked eye, 
bne is almost induced to consider it as an ir- egulaf 
tissue of filandents ; but the microscope shews that 
It is nothing else than a small forest of plants, 
^hich derive their nourishment from the moist sub- 
stance, tending towards decomposition, which serves 
them as a base. The stems of these plants may be 
•blainly distinguished; and sometimes their buds, 
èOme shut and others open. Baron de Munchausen 
bas even done more: when carefully examining 
these small plants, he observed that they had a 
fcreât similarity to mushrooms. They are nothings 
therefore, but microscopic mushrooms, the tops of 
^hich) when they come to maturity,*cmit an exceed- 
ingly fine kind of dust, which is their seed. It is 
X)^ell known that mushrooms spring up in the course 
of one night} but those of which we here speak, 
being more rapid, almost in the inverse ratio of 
their size, grow up in a few hours. Hence the ex- 
traordinary progress which mouldiness makes in a 
Vciy short time. 

Another very curious observation of the same 
kind, made by M. Ahlefeld of Gicsvjii, is as fol- 
lows : Having seen some r.tones covered with a sort 
t)f dust, he had the curiosity to examine it with a 
tnicroscope, and found, to his gre:it astonishment, 
that it consisted of small microscopic mushiooms, 
i'aised on very short pedicles, the heads of which, 
^ound in the middle, were turned up at the edges : 
They were striated also from the centre to the 
circumference, as certain kinds of mushrooms are. 
He remarked likewise that they contained, above 
their upper covering, a multitude of small grains, 
shaped like cherries, somewhat flattened ; which in 
all probability were the seeds. In the last place, he 
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observed, in this forest of mushrooms, several small 
red insects, which no doubt fed upon them. See 
jict. Leifs. for the year 1739. 

§. XIII. 
Dust àf the Lycoperdon. 

The lycoperdon, or puiF-ball, is a plant of the 
fungus kind, which grows in the form of a tubercle, 
covered with small grains like shagreen. If pressed 
with the foot, i: bursts, and emits an exceedingly 
fine kind of dust, which flies off under the appear- 
ance of smoke ; but commonly a pretty large quan- 
tity remains in the half opened cavity of the plant. 
If s(>me of this dust be placed on the object-plate of 
the microscope, it appears to consist of perfectly 
round globules, of an orange colour, the diameter c^ 
which is only about the 50th part of a hair ; so that 
each grain of this dust is but the 1 25000th part of 
a globule equal in diameter to the breadth of a 
hair. Some lycoperdons contain browner spherules, 
attached to a small pedicle. This dust no doubt is 
the seed of this anomalous plant. 

S. XIV. 
Of the Farina of Flowers* 

It is not long since the utility df this farina in 
the vegetable economy was known. Before this 
discovery, it was thought to be nothing else than 
the excrement of the juices of the flower ; but it 
is shewn by the microscope that this dust is regu- 
larly and uniformly organised in each kii\fl of plant. 
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In the mallow^ for example, each grain is an opake 
hall, entirely covered with points The farina of 
the tulip, and of most of the lily kind of flowers, 
has a resemblance to the seeds of cucumbers and 
melons. That of the poppy resembles a grain of 
barley, with a longitudinal groove in it. 

But we are taught by observation still more ; for 
it is found that this dust or farina is only a capsule, 
which contains another far more minute ; and it is 
the latter which is the real fecundating dust of 
plants^ 

Of the Apparent boles in the Leaves of some Plants. 

There are certain planti the leaves of which appear 
to be pierced with a multitude of small holes. Of 
this kind, in particular, is that called by botanists 
hrpericwfiy and by the vulgar St John's wort. But 
if a fragment of one of these leaves be viewed through 
a microscope, the supposed holes are fownd to be 
vesicles, contained in the thickness of the leaf, and 
covered with an exceedingly thin membrane ; in a 
word,^ they are the receptacUs which contain the 
esçential and aromatic oil peculiar to that plant. 

^ XVI. 

Of the Down of Plants. 

The spectacle exhibited by those plants which 

' have down, such as borage, nettles, &c, is exceeding. 

ly curious. When viewed through the microscope, 

they appear to be so covered with spikes as to excite 
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horror. Those of borage are for the most part bent 
so as to form an elbow ; and, though really very 
close, they appear by the microscope to be at a coa- 
sidèrable distance nom each oiher. Persons who 
are not previously told what substance they are 
looking at, will almost be induced to believe that 
they see the skin of a porcupine. 

S xvn. 

Of the Sparks struck firom a piece of Steel by means of a 

Flint. 

If sparks struck from a piece of steel by a flint 
be made to fall on a leaf of paper, they will be 
found, for the most part, to be globules, formed of 
small particles of steel, detached by the shock, and 
fused by the friction. Dr Hook observed some 
which were perfecdy smooth, and reflected with vi- 
vacity the image of a neighbouring window. When 
in this state, they are susceptible of being attracted 
by the magnet ; but very often they are reduced by 
the fusion to a kind of scoria, and in that case the 
magnet has no power over them. The cause of 
this we shall explain hereafter. This fusion will 
excite no surprise when it is known that the bodies 
most difficult to be liquified need only, for that pur« 
pose, to be reduced to very minute particles.- 

sxvin. 

Of the Asperities of certain bodies^ which appear to be 
exceedingly Sharp and highly Polished. 

If a needle, apparently very shaip, be viewed 
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Arough the microscope, it will seem to have à very 
blunt, irregular point, much resembling that of a 
peg broken at the end. 

The case is the same with the edge of the best 
set razor. When viewed through the microscope, 
It will appear like the back of a penknife, and at 
certain distances exhibit indentations like the teeth 
of a saw, but irregular. 

If a piece of the highest polished glass be exposed 
to the microscope, you will be much astonished at 
its appearance : it will be seen furrowed, and filled 
with asperities, which reflect the light in an irregu- 
lar manner, making it assume different colours. 
The case is the same with the best polished steel. 

Art, in this respect, is far inferior to nature; for 
if works which have been made and pioHshed, as we 
may say, by the latter, are exposed to the micro- 
stopè, instead of losing their polish, they appear with 
-greater lustre. When the eyes of a fly, if illumi- 
Hated by means of à lamp or taper, are viewed 
through this instrument, each of them exhibits an 
hnage of the taper with a precision and vivacity 
which nothing can equal. 

§ XIX. 

Of Sand seen through the Microscope. 

It is well known that there are some kinds of 
sand calcareous, and others vitrifiable. The former^ 
seen through the microscope, resemble in a great 
measure large irregular fragments of lock. The 
most curious spectacle however is exhibited by the 
vitreous kind : when it consists of rolled sand, it 
appears like so many rough diamonds, and some- 
times like polished ones. One kind of sand, when 
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seen through the mîcroscope, appears to be an 
assemblage of diamonds, rubies and emeralds : an- 
other presents the embryos of shells, exceedingly 
smaiL 

Oft1->€ Fores of Charcoal. 

Dr, Hook had the curiosity to examine with a 
microscope the texture of charcoal, which he found 
to be filled wich pores regularly arranged^ and pasç- 
îng th.ough its whole Icngh : hence it appears that 
there is no cha -oiil into which the air does not in* 
troduce itseil This obseiTer, in the i8th jpart of 
an inch, co mted 150 of these pores ; from which it 
follows, that in a piece of charcoal, an inch in*dia« 
meter, there are about 5720000* 

On this subject we have been obliged, agreeably 
to our plan, co be exceedingly brief; but, to supply 
this deficiency, we shall here point out the principal 
works wbich contain micrographie observations, and 
the authors who have particularly applied to this 
kind of sLudy. The fiist we shall mention is Fa- 
ther Bonnani, a Jesuit, author of a book entitled 
Ricreazione deWochio è delta mente^ pai t of which is 
entirely devoted to , this subject. The celebrated 
Lewenhoek spent slmost the whole of his life in the 
same occupation, and published the observations he 
made in his Arcana Natura, A great many obser- 
vations of this kind may be found scattered here 
and there throughout all the Journals and Memoirs 
of learned Societies. But few have made so rnany 
researches on this subject as M. Joblot, author of a 
quarto volume, entitled Description et usages de p/w 
sieurs nouveaux Microscopes, ^c, avec de nouveaux ob- 
-nervations Mr un multitude innomir able d^ insectes y &V^ 
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mi naissent dans les liqueurs^ ice : Paris 1 7 1 6. He 
infused in ^water a great number of different sub- 
stances, and caused the small animals produced in 
these infusions to be engraved : to the greater part of 
them he has even given names, derived from their 
resemblance to known bodies, or from other cir- 
cumstances. But we must refer the reader to the 
work itself, which was republished in 1754, consi- 
derably enlarged, under this title : Observations cT His- 
toire Naturelle^ faites avec le Microscope sur un grand 
fiombre d^Insectesy et sur les Animalcules qui se trouvent 
dam les liqueurs préparées et non préparées^ îffcy 4to, 
with a great number of plates. Needham, in the 
year 1750, published his work, called New Micro- 
scopical observations. Buffoil's observations on 
spermatic moleculae may be seen in his work on Na- 
tural History. We have also Baker's works, en- 
titled the Microscope made easy» and Employment 
for the Microscope. The first part contains a de- 
scripdoa of the apparatus and the method of using 
different kinds of microscopes, and the second a 
very long detail of microscopical observations made 
on various natural objects. This work was attend- 
ed with great success, and is exceedingly instructive. 
Thç abbé Spallanzani caused his microscopical ob- 
servations, in which he several times contradicts 
Needham, to be printed in Italian ; a French transla- 
tion, entitled Nouvelles Observations Microscopiques, 
was published in octavo at Paris, in 1769, with 
notes by the above philosopher. If to these be 
added various Memoirs by Fontana, Roffredi, Spal- 
lanzani, &c, published in the Journal de Physique, 
we shall have enumerated all the writings, or at 
least the principal ones, which have hitherto ap* 
peared on this subject. 
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PART FIFTH. 



Containing every thing most curious in regard to Ac(nh 

sties and Music. 
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HE ancients seem to have considered sounds 
under no other point of view thah that of music ; 
that is to say, as affecting the ear in an agreeable 
manner. It is even very doubtful whether they were 
acquainted with any thing more than melody, and 
whether they had any art similar to that which we 
call composition. The moderns however, by study- 
ing the philosophy of sounds, have made many dis- 
coveries in this department, so much neglected by 
the ancients ; and hence has arisen a new science, 
distinguished by the name of acoustics. Acoustics 
have for their object the nature of sounds, consider- 
ed in general, both in a mathematical and a philo- 
sophical view. This science therefore comprehends 
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music. Which conaders the ratios of sounds, so fkr 
as they are agreeable to the ear, either by thdr suc- 
cession, which constitutes melody, or by their aï-» 
multaneity, which forms harmony. We shall here 
give an account pf every thing most curious and 
interesting in regard to this science. 

ARTICLE I. 

Definition of sound ; how diffused and transmitted to our 
organs of bearing ; experiments on this subject ; differ^ 
ent Zi^ays of producing sound. 

Sound is nothing else but the vibration of the 
particles of the air, occasioned either by some sud* 
den agitation of a certain mass of the atmosphere 
violently compressed or expanded ; or by the com- 
municadon of the vibration of the minute parts of a 
hard and clastic body. 

These are the two best known ways of producing 
sound. The explosion of a pistol, or any other 
kind of fire a.ms, produces a report or sound, be- 
cause the air or elastic fluid contained in the gun- 
powder, being suddenly dilated, compresses the ex- 
ternal air V ith great violence : the latter, in conse- 
quence of its elasticity, re-acts on the surrounding 
atmosphere, and produces in its moleculne an oscil- 
latory motion, which occasions the sound, and 
which extends to a greater or less distance accord- 
ing to the intensity of the cause that gave rise to it. 

To foi m a proper idea of this phenomenon, let 
us conceive a series of springs, all maintaining each 
other in equilibrium, and that the first is suddenly 
compressed in a violent manner by some shock, or 
pther cause. By making an eflFort to recover its ' 



SOUND. 377 

former situation, ît will compress the one next to it, 
the latter will compress the third ; and the same 
thing will take place to the last, or at least to a 
very great distance ; for the second will be some- 
what less compressed than the first, the third a little 
less than the second, and so on : so that, at a cer- 
tain distance the compression will be almost insensi- 
ble, and at length ic will totally cease. But each of 
these springs, in recovering itself, will pass a little 
beyond the point of equilibrium, and this will occa- 
sion throughout the whole series put in motion, a 
vibration, which will ' condnue for a longer or 
shprter time, and at length cease. Hence k happens 
that no sound is instantaneous, but always continues 
more or less, according to circumstances. 

The other method of producing sound, is to 
excite, in an elasdc body, vibrations sufficiently 
rapid to occasion, in the surrounding parts of the 
air, a similar motion. Thus, an extended string, when 
Struck, emits a sound, and its oscillations, that is to 
say its motion backward and forward, may be dis- 
tinctly seen. The elastic parts of the air, struck by 
the string during the time it is vibrating, are them- 
selves put imp a state of vibration, and communicate 
this motion to the neighbouring ones. Such is the 
mechanism by which a bell produces its sound : when 
§truck, its vibrations are sensible to the hand which 
touches it. 

. Should these facts be doubted, the following ez^ 
perimenis will exhibit the truth of them in the 
clearest ppiAt of view. 

EXPERIMENT I* 

Half fill a vessel, such as a drinking ghttb tritli 
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water ; and having made it fast, moisten your finger 
a little, and move it round the edge^ By these 
means a sound will be produced, and at the same 
time you will see the water tremble, and form un- 
dulations so as to throw up small drops. What 
but the vibration of the particles of the water can 
produce in it such a motion ? 

EXPERIMENT II. 

4 

If a bell be suspended in the receiver of an air 
pump, so as not to touch any part of the machine ; 
it will be founds on the bell being made to sound, 
that as the air is evacuated and becomes rarer, the 
sound grows weaker and weaker, and that it ceases 
entirely when as complete a vacuum as possible has 
been eflfected. If the air be gradually re-admitted, 
the sound will be revived, as we may say, and will 
increase in proportion as the air contained in the 
machine approaches towards the same state as that 
of the atmosphere. 

From these two experiments it results, that sound 
considered in the sonorous bodies, is nothing else 
than rapid vibrations of their minute parts ; that air 
is the vehicle of it ; and that it is transmitted so 
much the better when the air by its density is itself 
susceptible of a similar motion. 

In regard to the manner in which sound affects 
the mind, we must first observe that at the inteiior 
entrance of the ear, which contains the different 
parts of the organ of hearing, there is a membrane 
extended like that of a drum, and which on that 
account is called the tympanum. It is very probable 
that the vibrations of the air, produced by the 
^noious body, excite vibrations in this mem* 
brane \ th^t these produce similar ones in the 
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air, with which the internal cavity, of the ear is 
f.Ued ; and that the sound is increased by the pecu- 
liar construction of the parts, and the circumvolu- 
tions both of the semicircular canals and of the 
helix : hence' there is occasioned in the nerves that 
cover the helix, a motion which is transmitted to 
, the brain, and by which the mind receives the per* 
ception of sound. Here however we must stop ; for, 
it is not possible to ascertain how the motion of the 
nerves can affect the mind; but it is sufficient for us 
to know by experience that the nerves are as it were 
the mediators between our spiritual part, and the ex- 
ternal and sensible objects. 

Sound always ceases when the vibrations of the 
sonorous body cease, or become too weak. This is 
proved also by experiment, for when the vibrations 
of a sonorous body are damped by any soft body, the 
sound seems suddenly to cease. In a piano-forte 
therefore, the quills are furnished with bits of cloth, 
that by touching the strings when they fall down, 
they may damp their vibrations. On the other hand, 
when the sonorous body, by its nature, is capable 
of continuing its vibrations for a considerable time, 
as is the case with a large bell, the sound may be 
l)eard for a long time after. 

ARTICLE II. 

9 

On the velocity of sound; experiments for determining 
it ; method of measuring distances by it. 

Light is transmitted from one place to another 
with incredible velocity ; but this is not the case 
with sound : the velocity of sound is very moderate, 
and may be jneasured in the following manner. 

VOL. n. c c 
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Let a cannon be placed at the distance of several 
thousand yards^ and let an observer^ with a pendu- 
lum that vibrates seconds, or rather half seconds^ 
put the pendulum in motion as soon as he sees the 
flash, and then count the number of seconds or 
half seconds which elapse between that period and 
the moment when he hears the explosion. It is evi- 
dtât that, if the moment when the flash is seen be 
considered as the signal of the explosion, nothing 
will be necessary, to obtain the number of yards 
which the sound has passed over in a second, but 
to divide the number of the yards between the place 
of observation and the cannon, by the immber of 
seconds or half seconds which have been counted. 

-Now the moment when the flash is perceived, 
wteitever be the distance, may be considered as the 
real moment of the explosion ; for so great is the 
velocity of light, that it employs scarcely a second to 
traverse 60000 leagues*. 

By similar experiments the members of the Royal 

* The velocity of the particles and rays of light is truly 
astonifhingy as it amounts to nearly 2 hundred thousand 
miles in a Sf cond of time, which is nearly a million times 
greater than the velocity of a cannon-ball. It has been 
found by repeated experiments, that when thé earth is ex- 
actly betweeii Jupiter and the sun, his satellites arc seen 
eclipsed 8 1 minutes sooner than they could be according to 
the tables ; but when the earth is nearly in the opposite 
point of its orbit, these eclipses happen about 8^ minutes 
later than the tables predict them : hence it is certain that 
the motion of light is not instantaneous, but that it takes up 
about i6{ minutes of time in passing over a space equal to 
the diameter of the earth's orbit, which is at leaft 190 mil- 
lions of miles in length, or moves at the rate of nearly 200000 
miles per second. Hence therefore light takes about Si mi- 
nutes in passing from the sun to the earth. 
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Atademy of Sciences found, that sound moved at 
the rate of 1172. Parisian feet in a second. Gas- 
sendus makes its velocity to be 1473 feet in a se- 
cond ; Mersenne 1474 ; Duhamel, m the History 
of the Academy of Sciences, 1338 ; Newton 968 ; 
and Derham, in whose measure Flamsteed and Hal- 
ley concurred, 1 142. Though it is diiEcult to deter- 
mine among so many authorities, the last estimate, 
viz 1142 per second, has been generally adopted in 
this country». 

It is to be observed that, according to Derham's 
experiments, the temperature of the air, whether dry 
or moist, cold or hot, causes no variation in the velo- 
city of sound. This philosopher had often an op- 
portimity of seeing the flash and hearing the report 
of cannon fired at Blackheath, 9 or 10 miles di- 
stant, from Upminster, the place of hU residence ; 
but whatever might be the state of the weather, he 
always counted the same number of half seconds, 
between the moment of seeing the flash and that of 
hearing the report, unless any wind blew from 
either of these places, in which case the number of 
the seconds varied from m to 112. It may be 
readily conceived, that if the wind impelled the fluid 
put into a state of vibration, towards the place of the 
observer, the vibrations would reach him sooner 
than if the fluid had been at rest, or had been impel- 
led in a contrary direction. 

But notwithstanding what Derham has sajfl^ wc 
can hardly be persuaded that the velocity of sbund 
is not aflfected by the temperature of the air ; for 
when the air is heated, and consequently more rare- 
fied or elastic, the vibrations must be more rapid : 
observations on thi^ subject ought to be carefully 
repeated. 
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An inaccessible distance the^ may be-^measured 
by means of sound. For this purpose provide a 
pendulum that swings half seconds, which may be 
done by suspending from a thread a ball of lead^ 
half an hich in diameter^ in such a mannçr, that 
there shall be exactly 9*4 inches, or 9^ between the 
centre of the ball and the point of suspension ; then 
the moment you perceive the flash of a cannon. Or 
musket, let go the pendulum, and count how many 
vibrations it makes till the instant when you hear 
the report : if you then multiply this number by 
571 feet, you will have the distance of the place 
where the musket or cannon was fired. 

We here suppose the weather to be calm, or 
that the wind blows only in a transversal direction ; 
for if the wind blows towards the observer from the 
place where the cannon or gun is fired, and if it be 
violent, as many times 12 feet as there have been 
counted half seconds must be added to the distance 
found ; and in the contrary case, that is to say, if the 
wind blows from the observer, towards the quarter 
where the explosion is made, they must be subtracted. 
It is well known that a violent wind makes the air 
move at the rate of about 24 feet per second, which 
is nearly the 48th part of the velocity of sound. If 
the wind be moderate, a 96th may be added or sub- 
tracted ; and if it be weak, but sensible, a 19 ad : 
but this correction, especially in the latter case, 
seems to be superfluous j for can we ever flatter 
ourselves that we have not erred a igad part in 
the measuring of time ? 

This method may be employed to determine the 
distance of ships at sea, or in a harbour, when they 
fire guns, provided the flash can be seen, and the 
explosion heard# During a storm also, the distance 
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of a thunder»cloud may be determined in the same 
manner. But as a pendulum is not always to be 
obtained, its place may be supplied by observing the 
beats of the pulse, for when in its usual state, each 
interval between die pulsations is almost equal to a 
second ; but when quick and elevated, each pulsa- 
don is equal to only two thirds of a second. 

ARTICLE III. 

Uow sounds may be propagated in every direction with^^ 

out confyfion. 

This is a very singular phenomenon in the pro- 
pagation of sounds ; for itseveral persons speak at 
the same time, or play on instruments, their differ- 
ent sounds are heard simultaneously, or all toge- 
ther, either by one person, or by several persons, 
without being confounded in passing through the 
same place m different direcdons, or widiout damp- 
ing each other. Let us endeavour to account for 
this phenomenon. 

The cause no doubt is to be found in the property 
of elastic bodies. For let us conceive a series of 
globules equally elastic, and all contiguous, and let 
us suppose that a globule is impelled with any velo- 
city whatever against the first of the series : it is 
well known that in a very short time the motion 
will be transmitted to the other extremity, so that the 
last globule will have ihe same morion communicat- 
ed to it as if it had been itself immediately impelled* 
Now if two globules with unequal velociries impel 
at the same time the two extremities of the series, 
the globule a^ for example, the extremity A, and 
the globule b the extremity B (fig. i pi. 15), it is 
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certain, from the well known properties of elastic 
bodies, that the globules a and bj after being a moi 
ment at rest, will be repelled, making an exchange 
of velocity, as if they had been immediately impel* 
led against each other. 

If we suppose à second series of globules, inter- 
secting the former in a transversal direction, the 
motion of this second series will be transmitted by 
means of the common globule, from one end to the 
other of this series, in the same manner as if it had 
been alone. The case will be the same if two, three, 
four or more series cross the first one, either in the 
same point or in diflferent points. The particular 
motion communicated to the beginning of each series» 
will be transmitted to the other end, as if that series 
were alone. 

This comparison may serve to shew how several 
rounds may be transmitted in all directions, by the 
help of thp same medium j but it must be allowed 
that there are some small diflferences. 

For, in the first place, we must not conceive the 
air, which is the vehicle of sound, to be composed 
of elastic globules, disposed in such regular series as 
those here supposed : each particle of air is no doubt 
in contact with several others at the same time, and 
Its motion is thereby communicated in every direc 
tion. Hence it happens that the sound, which would 
reach to a very great distance ahnost without dimi- 
nution, if communicated as here supposed, expe* 
riences a considerable decrease, in proportion as it 
Tecedes from the body which produced it. Though 
the movement by which sound is transmitted be 
more complex, there is reason to believe that it h 
reduced, in the last instance, to something similar to 
what; has b^en here described, 
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The second difference arises from the particles of 
air by which the orgsui ot^ hearing is immediately 
affected, not having a movement of translation, like 
the last globule of the series, which proceeds with a 
greater or less velocity, in consequence of the shock 
that impels the other extremity of the series. But 
the movement in the air consists merely of an un- 
dulation or vibration, which, in consequence of the 
elasticity of its aerian particles, is transmitted to the 
extremity of the series, such as it was received at 
the other. It must be observed that the sonorous 
body communicates to the air, which it touches, vi- 
brations isochronous with those which it experiences 
itself ; and that the same vibrations are transmitted 
from the one end to the other of the series, and 
always with the same velocity : for we are taught 
by experience that a grave sound, ceteris paribus ^ does 
not employ more time, than an acute one, to pass 
through a determinate space. 

ARTICLE IV. 

0/ Echoes; bow produced ; account of the most remaria 
able echoes^ and of some phenomena respecting them. 

Echoes are well known ; but however common 
this phenpmenon may be, it must be allowed that 
the manner in which it is produced is still involved 
in considerable obscurity, and that the explanation 
given of it does not sufficiently account for all the 
circumstances attending it. 

All philosophers almost have ascribed the forma- 
tion of echoes to a reflection of sound, similar to 
tliat experienced by light, when it falls on a polished 
body. But, as D'Alembcrt observes, this explana-» 
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tîon 18 fialse ; for if ît were not, a polished surface, 
would be necessary to xhe production of an echo ; 
and it is well known that this is not the case. 
Echoes indeed are frequendy heard opposite to old 
walls, which are far from being polished ; near huge 
masses of rock, and in the neighbourhood of forest s» 
and even of clouds. This reflection of sound there-. 
fore is not of the same nature as that of light. 

It is evident however, that the formation of an 
echo can be ascribed only to the repercussion of 
sound ; for echoes are never heard but when sound 
Î8 intercepted, tod made to rebound by one or more 
obstacles. The most probable manner in which this 
takes place, is as follows. 

For the sake of illustration, we shall resume our 
comparison of the aerian moleculs, to a series of 
elastic globules. If a series of elastic globules then 
be infinite, it may readily be conceived, that the vu 
brations communicated to one end, will be always 
propagated in the same direction, and continually 
recede ; but if the end of the series rest against any 
fixed point, the last globule will re-act on the whole 
series, and communicate to it, in the contrary direc-r 
tion, the same motion as it would have communi- 
tated to the rest of the series, if it had not rested 
against a fixed point. This ought indeed to be the 
case, whether the obstacle be in a line with the series 
or oblique to it, provided the last globule be kept 
back by the neighbouring ones, only with this dif- 
ference, that the retrograde motion will be stronger 
in the latter case, according as the obliquity is less. 
îf the aerian and sonorous niolecula3 then rest 
Ugainst any point at one end ; and if the obstacle be 
at such a distance from the origin of the motion, 
ithat the direct and repercussive motion shall not 
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make themselves sensible at the same instant, the 
ear will distinguish the one from the other, and 
there will be an echp* 

But we are taught by experience, that the ear 
does not distinguish the succession of two sounds^ 
unless there be between them the interval of at least 
one twelfth of a second : for during the most irapid 
movement of instrumental music, each measure of 
which cannot be estimated at less than a second*, 
twelve notes are the utmost that can be comprehend- 
ed in a measure, to render the succession of the 
sounds distinguishable ; consequently the obstacle' 
which reflects the sound must be at such a distance, 
that the reverberated sound shall not succeed the 
direct sound till after one twelfth of a second ; «'md 
as sound moves at the rate of about 1 142 feet m a 
second, and consequently about 95 feet in the 
twelfth of a second, it thence follows that, to render 
the reverberated sound distinguishable from the di- 
rect sound, the obstacle must be at the distance at 
least of about 48 feet. 

There are single and compound echoes. In the 
former only one repetition of the sound is heard ; in 
the latter tnere are a, 3, 4, 5, &c, repetitions. We 
are even told of echoes that can repeat the same 
word 40 or 50 times. 

Single echoes are those where there is only one 
obstacle : for the sound being impelled backwards, 
will continue its course in the same direction with- 
out returning ; but double, triple, or quadruple 
echoes, may be produced different ways. If we 

« 

* If a piece of music, consisting of 60 measuresi were 
executed in a minute» this, in our opinion, would be a ra-t 
pidity of which there a^c few instances w\ the arc 
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suppose, for example, several walls one behind the 
other, the remotest being the highest ; and if each 
be so disposed as to produce an echo ; as many re- 
petitions of the same sound as there are obstacles 
wili be heard. 

Another way in which thess numerous repetitions 
may be produced^ is as follows : Let us suppose two 
obstacles, A and B, (fig. 2 pi. 15), opposite to each 
other, and the productive cause of the sound to be 
placed between them, in the point S ; the sound 
propagated in the direction from S tb A, after re- 
turning from A to S, will be driven back by the 
obstacle B, and again- return to S ; having then .tra- 
versed the space S A, it will experience a new reper- 
cussion, which will carry it to S after it has struck 
the obstacle B ; and this would be continued in in- 
finitum if the sound did not always become weaker. 
On the other hand, since the sound is propagated as 
easily from S to B as from S to A, it will at first be 
sent back also from B towards S ; having then 
passed over the space S A, it will be repelled from 
A towards S ; then again from B towards S, after 
having traversed the distance S B, and so on in suc- 
cession, till the sound dies entirely away. 

The sound therefore produced in S will be heard 
afttr times, which may be expressed by 2 S A j 
s SB, 2SB + 2SA; 4SA + 2SB; 4SB+2SA; 
4SA + 4SB; 6SA + 4SB; 6SB + 4SAÎ 
6 S A+6 S B, &c ; which will form a repetition of 
the sound after equal intervals, when S A is equal 
to S B: and even when S B is double S A ; bu^ 
wlien S A is a third, for example, of S B, this 
remarkable circumstance will take place, that 
after the first repetition, there will be a kind of 
doable silence j three repetitions will then follow. 
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at equal intervals ; there will then be a silence 
double one of these intervals ; then three repetitions 
after intervals equal to the former ; and so on till 
the sound is quite extinguished. The different 
ratios of the distances SA, SB, will also give rise to 
different irregularities in the succession of these 
sounds, which we have thought it our duty to no- 
tice, as being possible, though we do not know that 
they have been ever observed. 

There are some echoes that repeat several words 
in succession ; but this is not astonishing, and must 
always be the case when a person is at such a di- 
stance from the echo, that there is sufficient time to 
pronounce several words before the repetition of the 
first has reached the ear« 

There are some echoes which have been much 
celebrated on account of their singularity, or of the 
number of times that they repeat the same word. 
Misson, i]\ his description of Italy, speaks of an 
echo at the Villa Simonetta, which repeated the 
same word 40 times. 

At Woodstock in Oxfordshire there is an echo 
which repeats the same sound 50 times*. 

The description of an echo still more singular 
near Roseneath, some miles distant from Glasgow, 
may be found in the Philosophical Transactions for 
the year 1698. If a person, placed at the proper 
distance, plays 8 or 1 o notes of an air with a trum- * 
pet, the echo faithfully repeats them, but a third 
lower; after a short silence another repetition is 
heard in a tone still lower ; and another short silence 

* This seems to be a mistake : the echo at Woodstock, 
acoordiiig to Dr. Plat, repeats in the day time vtry dis* 
tinctly 17 syllables, and in the night time 20< Nat. Hiit^ 
nj Oxf, chap, I. p. 7. 
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is followed by a third repetition, in a tone a third 
lower, 

A similar phenomenon is perceived in certain halls; 
where, if a person stands in a certain position, and 
pronounces a few words with a low voice, they are 
heard only by another person standing in a deter- 
minate place. Muschembroeck speaks of a hall of 
this kind in the castle of Cleves; and most of those 
who have visited the Observatory at Paris have ex- 
perienced a similar phenomenon in the hall on the 
first story. 

Philosophers unanimously agree in ascribing this 
phenomenon to the reflection of the sonorous rays ; 
which, after diverging from the mouth of the 
speaker, are reflected in suclva manner as to unite 
in another point. But it may be readily conceived, 
say they, that as the sound by this union is concen*» 
traied in that point, a person whose ear is placed 
Tcry near will hear it, though it cannpt be beard 
by those who are at a distance. 

We do not know whether the hall in the castle of 
Cleves, of which Muschembroeck speaks, is ellip* 
tical, and whether the two points where the speaker 
and the person who listens ought to be placed are 
the two foci ; but in regard to the hall in the Obser- 
vatory of Paris, this explanadon is entirely void of 
foundation. For, 

I St. The echoing hall, or as it is called the Ha/l 
ef Secrets y is not at all elliptical ; it is an octagon, 
the walls of which at a certain height are arched 
with what are called in architecture cloister arches ; 
that is to say, by portions of a cylinder which, in 
meeting, form re-entering angles, that continue those 
formed by the sides of the octagonal plan. 

2d. The person who speaks does not stand at a 
moderate distance from the wall^ as ought to be the 
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case in ofâer to make the voice proceed from one 
of the foci of the supposed ellipsis : he applies his 
mouth to one of the re-entering angles, very near 
the wall, and the person whose ear is nearly at the 
same distance from the wall, on the side diame- 
trically opposite, hears the one who speaks on the 
other side, even when he does so with a very low 
voice. 

It is therefore evident that, in this case, there U 
no reflection of the voice according to the laws of 
catoptrics; but the re-entering angle continued along 
the arch, from one side of the hall to the other, 
forms a sort of canal, which contains the voice, 
and transmits it to the other side. This pheno- 
menon is entirely similar to that of a very long 
tube, to the end of which if a person applies hit 
mouth and speaks^ even with a low voice^ he will 
be heard by a person at the other end. 

The Memoirs of the Academy of Sciences, for 
the year 1 6g2, speak of a very remarkable echo in 
the court of a gentleman's seat called le Genetay^ 
in the neighbourhood of Rouen. It is attended 
with this singular phenomenon, that a person who 
tings or speaks in a low tone, does not hear the 
repetition of the echo, but only his own voice; 
while those who listen hear only the repetition of 
the echo, but with surprising variations ; for the 
echo seems sometimes to approach and sometimes 
to recede, and at length ceases when the person 
who speaks removes to some distance, in a certain 
direction. Sometimes only one voice is heard, 
sometimes several, and sometimes one is heard on 
the right, and another on the lefc An explanation 
of all these phenomena, deduced from the semi- 
circular form of the court, may be seen in the 
above collection. 
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ARTICLE V^ 

Experiments respecting the vibrations of musical strings f \ 
which form the basis of the theory of music. 

If a string of metal or datgut, such as is used 
for musical instruments, made fast at one of its 
extremities» be extended in a horizontal direction, 
over a fixed bridge j and if a weight be suspended - 
from the other extremity, so as to stretch it ; this 
string, when struck, will emit a sound produced by 
reciprocal vibrations, which are sensible to the sight* 

If the part of the string made to vibrate be short- 
ened, and reduced to one half of its length, any 
person who has a musical ear will perceive, that 
the new sound is the octave of the former, that is to 
say twice as sharp* 

If the vibrating part of the string be reduced to 
two thirds of its original length, the sound it emits 
will be the fifth of the first. 

If the length be reduced to three fourths, it will 
give the fourth of the first. 

If it be reduced to 4^, it will give the third major ^ 
if to 4^, the third minor. If reduced to |, it will 
give what is called the tone major ; if to ^^ the 
tone minor ; and if to ^, the semi-tone, or that 
which in the gamut is between ;;// andyjz, or si and soL 

The same results will be obtained if a string be 
fastened at both ends, and 4-, 4., and \ of it, be 
successively intercepted by means of a moveable 
bridge. 

As this subject will be better understood if the 
reader has a clear idea of the relation of the sounds 
in the diatonic progression, we shall here insert the 
following table. 
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Such ÎS the result pf a determinate degree or 
tension given to a string, when the length of it 
has been made to vary» Let. us now suppose that 
the length of the string is constantly, the same, but 
that its degree of tendon is varied. The following 
is what we are taught by experiment on this subject. 

If a weight be suspended at one end of a string 
of a determinate length, made fast by the other^ 
and if the tone it emits be fixed ; when another 
weight quadruple of the first has been applied, the 
tone will be the octave of the former ; if die weight 
be nine times as heavy, the tone will be the octave 
of the fifth ; and if it be only a fourth part of the 
first, the tone will be the octave below. Nothing 
more is necessary to prove that the effect produced, 
by successively reducing a string to one half, ^, 4^, &c, 
will be produced also by suspending from it in suc- 
cession weights in the ratio of 4, ^ , V* , &c, that is 
to say, the squares of the >yeights, or the degrees 
of tension, must be reciprocally as the squares of 
the lengths proper for emitting the same tones. 

Pythagoras, we are told, was led to this discovery 
by the following circumstance. Harmonious sounds 
proceeding from the hammers striking on an anvil 
in a smith's shop happening one day to reach his 
ear, while walking in the street, he entered the 
shop, and found, by weighing tlie hammers which 
Jiad occasioned these sounds, that the one which 
gave the octave was exactly the half of that which 
produced the lowest tone ; that the one which pro- 
duced the fifth, was two thirds of it, and that the 
one which produced the third major, was four fifths. 
When he returned home, meditating on this pheno- 
menon, he extended a string, and after successively 
«borteningit to 0110 half, two thirds, and four fifths. 
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{)ercàved that it emitted sounds Ttfhich were the 
octave, the fifth, and the third major, of the tone 
emitted by the whole string. He then suspended 
weights from it^ and found that those which gave 
.the octave, the fifth,' and the third major, ought to 
be respectively as 4, ^, 4-7» to that which emitted 
the principal tone ; that is to say, in the inverse 
ratio of the squares of 4., 4., ^ 

Whatever may be the dqjrce of credit due to this 
uiecdote, which is appreciated as it deserves in die 
History of the Mathemadcs, such were the first 
facts that enabled mathematicians to subject the 
musical intervals to calculation. The sum of what 
the moderns have added to them, is as follows : 

It can be demonstrated at present by the ptin- 
ciples of mechanics : 

I St. That if a string of an uniform diameter, ex- 
tended by the same weights, be lengthened or short- 
ened, the velocity of its vibrations, in these two states^ 
will be in the inverse ratio of the lengths. If this 
string then be reduced to one half of its length, its 
vibrations will have a double velocity, that is to say, it 
will make twovibrationsfor one which it made before; 
if it be reduced to two thirds, it will make thi^ee 
vibrations, for two which it made before. When 
a string therefore performs two vibrations, while 
another performs one, the tones emitted by these 
strings will be octaves to each other ; when one 
vibrates three times while another vibrates twice, 
the one will be the fifth to the other, and so on. 

id. The velocity of the vibrations performed by 
a string, of a determinate length, and distended by 
different weights, is as the square roots of the stretch- 
ing weights : (fjddc}xplt weights therefgra will pr9« 
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ducc double velocity, and consequently double thp 
.number of vibrations in the same time ; a noncuple 
weight will produce vibrations of triple velocity, or, 
a triple number in the same time. 

3d. If two strings, differing both in length and 
in weight, be stretched by different weights, the 
velocities of their vibrations will be as the square 
roots of the distending weights, divided by the 
lengths and the weights of the stiings : thus, if the 
string A, stretched by a weight of 6 pounds, weigh 
six grains, and be a foot in length ; while the string 
B, stretched by a weight of i o pounds, weighs five 
grains, and is half a foot in lengtli ; the velocity of 
the vibrations of the former, will be to that of 
the vibrations of the latter, as the square root of 
6X6X1 to that of 5XioXt, that is, as the 
square root of 36, which is 6, to that of 25, or 5 : 
die first therefore will perform 6 vibrations while 
the second performs 5. 

From these discoveries it follows, that the acute- 
ness or gravity of sounds, is merely the effect of the 
greater or less frequency of the vibrations of the 
string which produces them ; fo'r since we know by 
experience, on the one hand, that a string when 
shortened, if subjected to the same degree of tension, 
emits a more elevated tone ; and on the other, both 
by theory and experience, that its vibrations are more 
frequent the shorter it is, it is evident that it is only 
the greater frequency of the vibrations that can pro- 
duce the effect of elevating the tone. 

It thence results also, that a double number of 
vibrations produces the octave of the tone produced 
by the single number ; that a triple number pro- 
duces the octave of the fifth ; a quadruple number, 
the double octave; si quintuple the third major. 
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above the double octave, &c ; and if we descend to 
ratios less simple, three vibrations for two will pro- 
duce the concord of "fifth ; four for three, that of 
the fourth, &c. 

The ratios of tones therefore may be expressed, 
either by the lengths of the equally stretched strings 
which produce them, or by the ratio of the num- 
ber of the vibrations performed by these strings ; 
thus, if the principal tone be denoted by i, the 
octave above is expressed mathemadcally by 4, or 
by 2 ; the fifth by 4- or -J-; the third major by 4. or |, 
&c. In the first case, the respective lengths of the 
strings are denoted ; in the second the respective 
numbers of vibrations* In calculation, the results 
will be the same, which ever method of denomi- 
nation be adopted. 

PROBLEM. 

To determine the number of the vibrations made by a 
strings of agiijen length and size^ and stretched by a 
given ipeight; or^ in other words j the number of the 

vibrations which form any tone assigned. 

• 

Hitherto we have considered only the ratios of 
the number of the vibrations, performed by strings 
which give the different concords ; but a more curi- 
ous, and far more difficult problem, Js, to find the 
real number of the vibrations performed by a string 
which gives a certain determinate tone ; for it may 
be readily conceived that their velocity will not 
admit of their being counted. Geometry however, 
with the help of mechanics, has found means to 
resolve this question, and the rule is as follows : 

Divide the stretching weight by that of the string; 
multiply the quotient by the length of the pan- 



4uliun that vibrates seconds, which at t>Plv4Q|i 
is 394- inches, or 46$^ lines, and divide the product 
by the lengdi of the string from the fixed point to 
the bridge ; extract ihe square root of this new 
ouotjient, and multiply it by the ratio of the circum* 
iterence of the circle cO the di;5imeter, \\z. 3^ nearly^ 
6r the fraction 444 «» in decimals 3*1 41 6 nearly ; the 
produce will be the number of the vibration$ per- 
formed by the string in the course of a second. 

~ Let a string of a foot and a half in length, £pr 

example, and weighing 8 grains, be stretched by a 

"Weight of 4 pounds Troy weight, o. 23040 grains : 

the quotient of 23040 divided by 8 is z88o ; and aa 

the length of the pciadulum which swings seconds 

)^ Ji^^^ lines, the product of 2880 by this number 

will be 1352160; if this product be divided by^ 

216, the Unes in a foot and a -half, we shall hâve 

6260, the square root of which will be 79*1201 c 

this number multiplied by 4|{. or 3*1416, gives 

248*563, which is the number of the vibration* 

made by the above string in the course of a second. 

A very ingenious method, invented by M. Sau» 

veur, for finding the number of these vibrations, 

jnay be seen in the Memoirs of the Academy of 

Sciences for 1700. Having remarked when two 

organ pipes> very low, an»d having tones very near: 

to each other, was sounded at the same time, that 

U series of pulsations or beats was heard in the- 

sounds ; by reflecting on the cause of this pheno« 

menon he found, that these beats arose from the 

periodical meeting of the coincident vibrations of 

the two pipes. Hence he concluded, that if the 

number of these pulsations, which took place in a 

jsecond, could be ascertained by a stop watc^,'and 

% it were po^il^le i^9 (9 ^t^J^mne? by th^e nature 
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éf the cotisdiïânce of the two pipes, the ratio of 
the vibrations which they made in the same time, 
he should be able to ascertain the real number of 
Che vibrations made by each. 

We shall here suppose, for example, that two 
organ pipes are exactly tuned, the one to mi flat, 
and the other to ;;» ; as ic is Well known thac the 
interval between these two tqnes is a semi«totie 
minor, expressed by the ratio of- 24 to 25, the 
higher pipe will perform 25 vibrations while the 
lower performs only 24 ; so that at each 25th vibra- 
tion of the former or 24th of the latter, there will' 
be a pulsation; if 6 pulsations .therefore are ob- 
served in the course of i second, we ought to con* 
dude that 2± vibrations of the one and 25 of the 
other ate perrormed in the loth part of a second : 
and consequently that the one performs 240 vibra;* 
tions, and the other 250, in the course of a second. 

M. Sauveur made experiments according to this 
idea, and found that, an open organ-pipe, 5 feet in 
tengtb, makes 100 vibrations per second ; conse« 
quendy one of 4 feet, which gives the triple octavcf 
below, and the lowest sound perceptible to the ear^ 
Would umkeonly 1 2^ : on the other hand, a pipe of 
one inch less Vt» being the shortest the soundof which 
can be distinguished, will give in a second 6400 
vibrations. The limits therefore of the slowest and 
quickest vibrations, appreciable by the ear, are 
according to M. Sauveur 1 2 î^ and 6400. 

We shall ngt enlarge farther on these details, but 
proceed to a very curious phenomenon respecting 
strings in a state of vibration. 

Make fast a string at both its extremities, and by 
means of a bridge divide it into aliquot parts, for 
example 5 on the one side^ and r on the other } 
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and put the larger part, that is to say the |., im a 
state of vibration ; if the bridge absolutely intercepts 
all communication from the one part to the other» 
these 4 of the string, as is well known, will give 
the tone of the fourth of the whole string ; if 4. be 
intercepted, the tone will be the third major. 

But if the bridge only prevents the whole .of the 
string from vibrating, without intercepting the com- 
munication of motion from the one part to the other, 
tbfi greater part will then emit only the same sound 
as the less ; and the ^ of the string, which in the 
former case gave the fourth of the whole string, 
will give only the double octave, which is the tone 
proper to the fourth of the string. The case is the 
same if this fourth be struck : its vibrations, by- 
being communicated to the other three fourths^ will 
make them sound, but in such a manner as to give 
only this double octave. 

The following reason, which may be rendered 
plain by an experiment, is assigned for this pheno- , 
menon : when the bridge absolutely intercepts all 
communication between the two parts of the string, 
the whole of the largest part vibrates together, and 
if It be ^ of the whole string, it makes, agreeably 
to the general law, 4 vibrations in the time that the 
whole string would make 3 : its sound therefore is 
the fourth of the whole string. 

But in the second case, the larger part of the 
string divides itself into as many portions as • the 
number of times it contains the less, which in the 
present . example is 3, and each of these portions, 
as well as the fourth, performs its particular vibra* 
tions : at the points of division, as B, C, D, {'fig. 3 
pi. 15,) there are established fixed points, between 
which the portions of the string AB, BC, CD, DE, 
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each vibtate separately, forming alternate bendings 
in a contrary direction, as if these parts were alone 
and invariably fixed at their extremities. 

This explanation is founded on a fact which M. 
Sauveur rendered sensible to the eyes in the presence 
of the Royal Academy of Sciences fHist. de PAcad. 
année lyooj. On the points C and D, pi. 15 fig. 3, he 
placed small bits of paper ; and having put the small 
part of the string A B in a state of vibration, the 
vibrations being communicated to the remaining part 
BE, the spectators saw, with astonishment* the 
sitiall bits of paper placed on the points C and D 
remain motionless, while those placed on the other 
parts of the string were thrown down. 

If the part A B of the string, instead of being 
exactly an aliquot part of the remainder B E, be for 
example | of it, the whole string A E will divide 
itself into 7 portions, of which A B will contain 
two, and each of these portions will vibrate sepa- 
rately, and emit only that sound which belongs to 
the ^ of the string. 

If the parts AB and B E be incommensurable, 
they will emit a sound absolutely discordant, and 
which almost immediately ceases on account of the 
impossibility of bendings and invariable points of 
rest being established, 

ARTICLE VI. 

Method of adding^ subtractings multiply ing, and dividing 

concords. 

It is necessary for those who wish to understand 
the theory of music, to know what concords esult 
from two or more concords, either when added or 
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mibtracted^ &c, by each other. For this reason we 
ihall give the following rules. 

PROBLEM I. 

Tû aid one concord to another. 

£iU>R£Ss the two concords by the fractions which 
represent them, and then multiply these two frac- 
dons^ together ; that is to say, first the numerators» 
and then the denominators j the number thence pro- 
duced, • will express the concord resulting from the 
sum oiF the two concords given. 

# 

SXAB^LE lé 

1m it be required to add the fourth and fifth toffiber. 

The expression for the fifth is 4, and that for thet 
fourth \ ; the product of these two is -^ z: i-, 
being the expression for the octave. It is indeed 
well known that the octave is composed of a fiftli 
and a fourth. 

EXAMPLE n. 

What is the concord arising from the addition of the 
third major and the third minor? 

The expression for the third major is ^, and that 

of the third minor is -^, the product of which is 

. 44 or 4, which expresses the fifth-t and this con* 

cord indeed is composed of a third major and a 

third minor» 



.:^ 






OF NOTES. 409 

EXAMPLE III. 

Wbat is the concord produced by the addition of tw^ 

tones major? 

A tone major is expressed by ^, consequently, td 
add two tones major, i^ must be multiplied by \. 
The product 44 îs a fraction less than |4 or 4., which 
expresses thé third major ; hence it follows, that the 
concord expressed by 4t ^s greater than the thifd 
major ; and consequently two tones major are more 
than a third major, or form a third major fake bj 
excess. 

On the. other hand, by adding two tones minoty 
which are each expressed by ^^ it will be found 
that their sum -AAr « greater than .^^ or 4, which 
denotes the third major : two tones minor therefore, 
added together, msJie more than a third major. 
This third indeed is cotnposed of a tone major and 
a tone minor, as may be proved by adding togethef 
the concords ^ and^^, which make |4 ~ A ^ t* 

It might be proved, m Kke manner, that twd 
semi-tones major make more thau a tone major, and 
two semi-tones minor less eren than a tone minor ; 
and, in the last place, that a semi-tone major and a 
icmi*t09e œmor, make exactly a tone mmor» 

PROBLEM II, 

To îîtbtraa one concord frvnr another* 

Instead of multiplying together the fracfionf; 
which express the given concords, they must hera 
be divided ; or invert that which expresses die con- 
cord to be subtracted from the other, and then mul^ 
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riply them together as before : the product will gWc a 
fraction expressing the quotient, or concord required. 

EXAMPLE I. 

What is the concord which results from the ffth sub^ 

tr acted from the octave? 

The expression of the octai^e is 4-, that of the fifth 
'\^ which inverted gives 4- ; and if 4 be muLiplied 
by 4, we shall have 4, which expresses the fourth. 

EXAMPLE II. 

ê 

What is the difference between the tone major and the 

tone minor? 

The tofie major is expressed by 1, and the tone 
minor by -^^ which when inverted gives V ; the 
product of 4. by V is 44., which expresses die dif- 
ference between the tone major and the tone minor ; 
this is what is called the great comma. 

PROBLEM III. 

To double a concord^ or to multiply it any number ^ 

times at -pleasure. 

In this case, nothing is necessary but to raise the 
terms of the fraction, which expresses the given 
concord, to the power denoted by the number of 
times it is to be multiplied ; that is, to the square if 
it is to be doubled, to the cube if to be tripled, 
and so on. 
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Thus, the concord arising from the tone major 
tripled is 444 • ^^^ ^^ ^^^ expression of the tone 
major is |., we shall have 8x8x8=1512, and 9 
X 9x 9 =::: 729. This concord 44t corresponds to 
the interval between ut and a fa higher tban^ sharp 
of the gammut. 

PROBl^BM 1V« 

To divide one concord by any nutnber at pleasure^ or to fini 
n concord which shall be the half^ thirds &V, g^^i 
given concord. 

To answer this problem, take the iraction which 
expresses the given concord, and extract that root of 
it which is denoted by the determinate divisor: 
that is to say, the square root if the. concord is to 
be divided into two ; the cube root, if it is to be 
divided into three, &c ; and this root will express 
the concord required. 

EXAMPLE. 

As the octave is expressed by 4» îf the square 
root of it be extracted it will give ^ nearly ; but ' 
^ is less than ^, and greater than 4- ; consequently 
the middle of the octave is betweçn the fourth and 
the fifths or very near fa sharp. 
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ly* the resûmme tf tunortms bodies ; the fmcbmertfji' 
principle ef barmmj and melody / with some- ûiheÉ^ 
harmamcal phenomena. 

EXPERIMfiirt I* 

If you fistcft tt> the sound of a bell, e&pécialljF 
l^hcn very grarc, however indifferent your eaa- rtiay 
be, you will easily distinguish, beside» the pfindj^ai 
Bound, several others more acute ; but if you have 
;2n ear accustomed to appreciate the musical intervals, 
you will perceive that one of fhéte scytMds is l£fe 
twelfth or fifth aj;)ove the octave,^ ittdt aiiodver the 
êevenieenth major, or third majet TkKy^t the double 
cctave* Ifyour ear be exceedingly deiieifte, yôtiwill 
ëistinguish also its octave, its doubfe, and eteii its^ 
triple octave : the latter indeed are somewhat mo*e 
difficult to be heard, because the octaves are almost 
confounded with the fundamental sound, in conse- 
quence of that natural sensation W'hich makes us 
confound the octave with unison. 

ITie same effect will be perceived if the bow oJ^a- 
violonceir^ be strongly rubbed against one of its- 
large strings, or the s.nring of a trumpet-mariifte. 

In short, if you have an experienced ear. you wilt 
be able to distinguifli these differen: sounds,. ei:hcr 
in the resonance of a string, or in that of any other 
sonorous body, and even in the voice. 

AnoifJtr method of making this experiment. > 

Suspend a pair of tongs by a woollen or cotton 




<ord» or any other kind of small string, and twisting 
the extremities of it around the fore âpger of eacn 
hand, put these two fingers into. your ears. .If the 
lower part of the tongs be then struck, you will first 
hear a loud and grave sound, like that of a large 
bell at a distance ; and this tone will be accompanied 
by several others inore acute ; among which, when 
they begin to die away, you .will ^stinguish the 
iweUth and the seventeenth of the lowest toiie^ 

The truth of this phenomenon, in regard to the 
multiplicity^ of souiuls, is confirn^d by another 
.«^périment, mentioned by Rameau, in his Harmam^ 
4al generatioru If you take, says he, those stops ei 
the organ called bwrdmy prestant or fluêe^ nautrd 
and tierce, which form the octave, the twelfth and 
seventeenth major of the bourdon^ and if you draw 
jout in succession each of the other stops, while the 
bsurdon alone is sounding, you will hear their spundt, 
-euccessively miiMd with each other ; you may even 
rdistinguish them while they are alt sounding toge« 
thâr ; but if you prelude for a moment^ oy way 
of amusement, on the same set of keys, ,Ànd then 
return to the «ngle key first touched, you will 
think you hear oxA^ one tone, that of the bourdon^ 
the gravcit of aH which corresponds to the ^ound of 
âbe whole system* 

This «xpmment, respecting the resoftance ci so^ 
fiorous bodies, is not aew. K was known to Dr« 
WaltiSj and te Mersenne, who speak of it in thdr 
works J bu^ k appeared to them a isimple phenome- 
non, with the consequences of which they were en- 
tirely unacquauited. Rameau first discovered its- 
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use m deducing from it all the rules of musical eom- 
|)osition, which beforei had been founded on mere 
sentiment, and on experience, incapable of serving 
as a guide in all cases, and of accoun jng for every 
effect. It foiTns the basis of his theory of fundament 
tal bass, a system which has been opposed with much 
declamation, but which however most musicians seem 
at present to have adopted. 

All his harmony then is multiple, and composed* 
cf sounds which would be produced by the aliquot 
parts of the sonorous body 4» 79 tj if tj ^^^ we 
might add i, 4, &c. But the weakness of these 
sounds, which go on always decreasing in strength, 
renders it difficult to distinguish them. Rameau 
however says that he could distinguish Very plainly 
the sounfl expressed by -^, which is the double oc 
tave of a sound divided nearly into two equal parts, 
being the interval between la and si flat below the 
first octave : he calls it a lost sound, and totally ex- 
cludes it from harmony. It would indeed be singu- 
larly discordant with all the other sounds given by 
the fundamental tone. 

We must however observe that the celebrated 
Tartini, in regard to this sound, was not of the 
same opinion as Kameau. Instead of calling it a 
lost sound, he maintains that it may be employed in 
melody as well as harmony ; he distinguishes it by 
the name of the seventh consonaiit. But we shall 
leave it to musicians to appreciate this idea of 
Tartini, whose celebrity in composition, as well as 
execution, required a refutation of a different kind, 
from that to be found at the end of a work printed 
in 1767, eotided Histoire de la Musique. 
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If >^u tune several strings to the octave, to the 
fwelfth, and to the seventeenth major, of the deter* 
minate sound emitted by another string, both as- 
cending and descending ; as often as you make that 
which gives the determinate sound - to resound 
strongly, and with continuance, you will imme- 
diately see all the rest put themselves in a state of 
vibration : you will even hear those, sound which 
are tuned lower, if care be taken to damp suddenly, 
by means of a soft body, the sound of the former. 

Most persons have heard the glasses on a table 
sound, when a person near them has been singing 
with a strong and a loud voice. The strings of an 
instrument, though not touched, are often heard to 
sound, in consequence of the same cause, especially 
after swelling notes long continued. 

This phenomenon arises, no doubt, from the vi« 
brations of the air being communicated to the ^ 
string, or to the sonorous body, elevated to the 
above tones : for it may be easily conceived that the 
vibrations of strings, tuned to unison or to the 
octave, or to the twelfth, &c, of that put in motion, 
are disposed to recommence regularly, and at the 
same time as those of that string, one vibration cor- 
responding to another, in the case of imison ; two 
to one, in the case of the octave ; or three to one 
in that of the twelfth : the small impulsions there^ 
fore of the vibrating air, produced by the string put 
in motion, will always concur to increase those 
movements, at first insensible, which they have oc- 
casioned in the other strings ; because they will 
take place ijx the same direction, and will at length 
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render them sensible* Thus a gentle breadth of 
adr, continued always in the same direction, is at 
length able to elevate the waters of the ocean* 
But when the strings in question are stretched in 
«udi a manner, diat tbeh* vibrations can have no 
correspondence with thoae of the string which is 
Btruck, they will in this case be sometimes assisted 
and sometimes opposed^ and the small movement 
which can be communicated to them, will be anni^ 
hilated as soon as produced, conseouently they will 
remain at rest» 

QUESTION. 

Do the sounds beard with the principal sound deri'oe 
their source immediately from the sonorom lody^ or d^ 
ibey reside only in the ear or the organ ? 

It IS very probable that the principal sound is 
the only one that derives its origin iramcdiatejy 
from the. vibrations of the sonorous body. Philo«. 
«ophers of eminence have endeavoured to discover 
whether, independently of the total vibrations made 
by the body, there are not also partial vibrations ; 
but hitherto they have been able to observe only 
simple vibrations. Besides, how can it be conceived 
that the whole of a string should be in vibration^ 
and that during its motion it should divide itself 
into two or three parts that perform also their dis« 
tinct vibrations ? 

It must then be said that these harmonica! sounds 
of octave, twelfth^ seventecnih, &:c, are in the air 
OT the organ : both suppositions are probable ; for 
since a determinate sound has the property of 
putting iato a Mate of vibration bodies disposed toi 
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give its octave, its twelfth, &c, we must allow that 
this sound may put in motion the particles of the 
air susceptible pf vibrfitions of double, triple, qua- 
druple, ^nd quintuple velocity. What howevçr ap-. 
pears most probable in this respect is, that these vi- 
brations exist only in the ear : it seems indeed to be 
proved, by the anatomy of this organ, that sound is 
transmitted to the soul only by the vibrations of 
those nervous fibres which cover the interior part 
of the ear; and as they are of different lengths, 
there are always some of them which perform their 
vibrations isochronous to those of a given sound. 
But, at the same time, and in consequence of the 
property above mentioned, this sound must put in. 
motion those fibres which are susceptible of iso- 
chronous vibrations, and even those which can make 
vibrations of double, triple, quadruple, &c, velocity. 
Such, in our opinion, is the most probable expla- 
nation that can be ^iven of this lingular pheno« 
menon» 

EXPERIMENT III, 

For this experiment we are indebted to the cele- 
brated Tartini of Padua. If you draw from two 
instruments, at the same time, any two sounds 
whatever, you will hear in the air a third, which 
will be the more perceptible the nearer your e^ is 
placed to the middl^ of the distance between the 
two instruments. Let us suppose then, for example, 
two sounds which succeed each other in the order 
of consonances, as the octave and the twelfth, the 
double octave and the seventeenth major, &ç ; thç 
sound resulting, says Tartini, will be the octave of 
the principal sound* 

vol-, II, I ï; 
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Tbh expenxûtot was rq)eated in France with thft 
same success, as we are assured by M. Serres, in id^ 
Prhuifes de PHarmotiUp printed in 1753 ' ^^^ ^ih 
this exception, that M. Serres found the latter sound 
to be lower by an octave. As the octaves are easily 
confounded^ diis difierence needs excite no surprise* 
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We must however here observe, that the celebrated 
musician of Fadua, established on this phenomenon 
a system of harmony and composition ; but it does 
not seem to have met with so ctyourable a recepti<Mf 
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Of the é^fermtt systems tf Music; the Grecian and tbb 
Modern^ together with their feqdiarities. 

SI. 

Of the Grecian Music. 

During the infancy of music among the Greeks, 
their lyre had four strings, the sounds of which 
would have corresponded to j/, «/, re, mi j but they 
^erwards added other three fny sol, la. The first 
diatonic scale therefore of the Greeks, translated 
into our musical language, was j/, ut, re y mi y fay sol^ 
hy and was composed of two tetrachords, or systems 
of four sounds, siy uty rCy mi ; ;;//, fay soly Aï ; ia 
which the last of the one and the first of the other 
were common, and on this account they were called 
conjunct tetrachords. 

We must here observe that, however angular this 
disposition of sounds may appear to those who are 
apquaiated only with the modern diatonic order, it. 



iftrfic. 4)3 

is no less natural and agreeable to the rules of har« 
mony; for Rameau has shewn that h is qoching 
eke than a chant, the fundamental bass of which 
would be, sol J ut^ sol^ ^^f^y ^^fa- It possesses also 
the advantage of having only one altered interval^ 
viz the third minor from re lofa^ which, instead of 
being in 'the ratio of 5 to 6, is in that of 27 to 3a ) 
which is somewhat iess, and consequently too low 
by a comma of from 80 to 8i« 

But this perfection in the Grecian gammut wat 
counter-balanced by two great imperfections, via 
I St. that it did not complete the octave; 2d. that 
it did not tenviinate by a rest, which leaves- ta the 
ear that kind of uneasiness resulting from a song 
begun and not finished. It could neither ascend to 
fî, nor descend to £1; and therefore the musidaas 
who, to complete the octave, added the latter note 
below, considered ic to be foreign, as we iftay say, and 
gave it the name of froslamàanomenas. 

For this reason they endeavoured to discover 
another remedy for this defect, and Pythagoras, as 
is said, pressed the succession of sounds mi, fa^ 
sol, la ; si, ut, re, mi, composed as it appears of two 
disjtsnct tetracbords. This diatonic scale is almost 
the same as ours, with this difference, that ours 
begins and ends with the tonic note, while thé 
former begins and ends with the mediante, or third 
major. This termination, almost reprobated at 
present, was very common among the Greeks, and 
IS still so in the chants or vocal music of our 
churches. 

But here, in consequence of the harmonic gene» 
ration, die values of the sounds and intervals are 
not the same as in the first scale. In the first, the 
interval from sol to la was -a tone minor, in die 
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second it is a tone major. In the la^ place, accordii^ 
to this second arrangement there are three inteivals 
altered or Ëtlse, viz the tierce major, fromySr to i^ 
too high ; the tierce minor, from la to uty too low; 
and the fUth, from la to mi^ too high. These are 
the same faults as those of our diatonic scale ; but 
the temperament corrects them. 

To taese sounds the Greeks afterv^ards added a 
conjunct tetrachord descending, W, ut^ réjtni^ and 
another ascending, mi, fay sol^ la ; by which they 
nearly supplied all the wants of melody, so £u: as 
it was confined to one tone. Ptolemy speaks 
of a combination, by means of which they joined 
the second primidve tetrachord to the first, 
lowering the li a semitone, which made si flat, ta^ 
re, mi. This, no doubt, answered the purpose when 
they passed from the tone of ta to that of its lower 
fifth yà; a transition common in the Grecian music, 
as well as in our church music ; for in that case a 
si flat is required. Plutarch also speaks o^ a com- 
bination where the two last tetrachords were disjoin- 
ed, by raising the^i a semi-tone, and that no doubt 
of its lower octave. Who does not here perceive 
our fa #, which is necessary when we pass from the 
tone of ut to that of its upper fifth sol ? The strings 
which corresponded to si flat snd fa sharp, were no 
doubt merely added, and not substituted in the room 
of si 2Xiàfa. 

It is well known that in the Grecian music there 
were three genera, viz, the diatonic, chromatic, 
and enharmonic. What has been hitherto said relates 
only to the diatonic. * 

What characterises the enharmonic is, that it em- 
ploys, either ascending or descending, several semi* 
tones in succession. The chromatic gammut of the 



^ 



MUSIC. 415 

Greeks was //, tcf, «/ sharp, mi^ fa^ fa sharp, Itu 
This disposition, by which thev passed immediately 
from ta sharp to mi^ omitting tne re, must no doubt 
appear very scrange ; but it is certain that this was 
the gammut employed by the Greeks in the chro- 
' made genus. It is however not known whether 
the Greeks had considerable pieces of music of 
this kind, or whether, like us, they employed 
it only in very shon passages of cantatas ; for 
we also have a chroma jc kind, though in a dif- 
ferent acceptation. This transition from semi-tones* 
to semi-tones, is less natural than the diatonic suc« 
cession ; but it has more energy to express cerodn 
peculiar sensations : the Italians therefore, who are 
great colorists in music, make frequent use of it in 
dieir airs; 

In regard to the enharmonic music of the Greeks» 
though considered by the ancients as the most per- 
fect lund, it is to us still an enigma. To ^ive some 
idea of it, let us assume the sign *, as that of the 
enharmonic diesis or sharp, which raises the note a 
quarter of a tone : the enharmonic scale then wai 
n^ //*, «f, m, mï^^ fa^ la^ where it appears diat, 
after two fourths of a tone, from si to uty or from 
mi tofûj they proceeded to mi or la. It can hardly be 
conceived how there could.be ears so well exercised 
as to apprcdatç fourths of a tone, and even if we sup- 
pose that there were, what modulation could they 
make with these sounds? It is however very certain 
that this kind of music was long held in high estima^ 
tion in Greece ^ but on account of its difficulty it was 
at length abandoned, so that not even a fragment 
of Grecian music in the enharmonic kind has been 
handed down to us ; nor any in the chromatic, 
hough we have some in thç diatonic* 
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We must h^weter here observe, that this enhar^ 
inonic music of the Greeks is not perhaps so remote 
from nature its has been hitherto supposed; far 
docs not Tartini, in proposing the use of hit call- 
sonant seventh^ which ia nearly a mean sound be* 
tween Im and $i flat, pretend that this intonation, la^ 
9i^\ si^ r0j rtf m^^ /I'bb^ Ja, is not only sup* 
portabk, but highly agreeable» Tartini does more} 
for he assigns to mis succession the sounds of its 
bass, fa^ «f, js/, sol^ tH, fa^ marking itf with thw 
«ign ^7, which signifies consonant seventh. If tUia 
pretension of Tartini should find pardzans, may we 
not say that the enharmonic music of the Greeks 
lias been revived ? 

. ;It now remains that we .should say a £ew words 
respecting the modes of the Grecian music How- 
ever obscure this matter may be, if we can believe 
tine author of Histmre da Mtubematiqueij who founds 
bia ideas on certain tabka of Ptolemy, these modes 
Vt nothiqg else than the tonei of our music^ and 
be gives the following comparison. 

. The Dorian being taken hypothedcally for the 
mode of ^^ these modes, some lower than the 
X)orian and others higher, were : 

The Hypodoriim • . corresponding to sôt 
The Hypopbrygian la flat 

- The Hjp^rygian acutior la 

The Hyfêtydian or Hypthmdian . . . si flat 
The Hopolyitian acutior si 

- The Dorian . . . é ta 

The lastioH or Ionian . . • '. . . ut sharp 

The Phrygian # re 

The MoUan • » ^ re sharp 

The Lydian • • « • • . • . .mi 
The Hyperdorian B » » fa 
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The HypiriasHm or MîK^jdian. . • fa sharp 

Tie Hypermixofydiàn .^ f • é • .yo/joteor 

But this question might be asked : If the difference 
of the Grecian modes consisted in the greater or 
less height of the tone of the modulation, how can 
we explain, what is told us of the characters of 
these different modes, some of which exdted 
fury, others appeased it, &c ? There is teasea there- 
fore to think that they depended on tom^faing 
more ; and it is not improlnible, that betides diN 
ference of tone^ there was a character of moduhtioa 
peculiar to each. The Phrvi^ui, for example, which 
originated among a harcfy and warlike people df 
that name, had a masculine and warlike character» 
^hile the Lydian, which was derived from a soft 
and effeminate people, had an analogous charactef, 
and consequently was proper for calwttg the trans» 
ports excited by the former. 

As we have here said enough respecting the 
Grecian music, we shall now proceed to the 
modem» 

S- IL 
Cf tbi Modem Musk. 

Every person acquainted with muac knows, thai 
the gammut, or diatohic scale of the modems, is 
represented by these sounds, ut^ re^ mr, fa^ soly la^ 
siy tdtj which complete the whole extent of the 
octave* ; and, we shall add, that from its geaènu 

* Of the sefcn notes in the breach scale Vif re^ m^fa^ 
sol, /a, lit four only arc generally used among a% as mr^ 
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tion, as explained by Rameau^ it follows that be» 
tween ut and re there is a tone major ; from re to 
mi, a tone minor j from mi to/a^ a seniitone major ; I 

from fa to sol a tone major, as well as from so/ to /à ; \ 

from /a to ii a tone minor, and from si to ut z 
€emitone major. ; ^ 

Hence ix is concluded, that in this scale there are 
T^Tpc intervals, wMch are not eniirely just, viz, the 
ti^if d minor from re to foj and indeed, being com- 
posed of a tone minor and^ a semitone major, it is 
ci4y in Uie ^atio of aj to .32, which is somewhat 
)es6, viz, an 8oth, than that of 5 to 6, cbe just ratio 
pf the sounds which compose the third minor. 
. In like manner, the dufd mw>r, from/a to /a^ is 
too. high, being composied of two tones major, 
whereas it ought to be '.composed of a tone major 
and a tonetninpr, to be. exactly in the ratio of 4 to 
x% Jn the last place, the third minor, from la to uf^ 
«s.alsp s^Uered, and for the same reason as thatfW>ni 
retofih 

If this disposition of tones major and minor were 
arbitrary, they might no doubt be arranged in such 
a manner that fewer interi^als should be altered ; it 
Xvould be sufficient for this purpose to make the 
tone from ut to re minor^ and that from re to mi 
major ; the tone from sol co la might also be made 
minor, and that from la to si major. For it will be 
found, that by this method there would be no more 
than a single third altered ; whereas, according to 
the other dispositic«i, there are three. This circum*. 

.foj ïï/, lùf which are applied to the . scale in this order, 
Ja, 'soly hy fuy soîj Zfl, miy fa, and exptcss tlic natural series 
ifronî C. It is of little consequence however which mcdiod 
be used ; the principles still remain the same. 
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stance has given rise to disputes among the musi>> 
clans respecting the dUtribution of the tones minor 
and major ; some being desirous, for example^ chat 
there should be a tone major between tdt and rf, and 
others a tone minon The harmonic generation o^ 
the diatonic scale, as explained by Rameau, .will not 
however allow this di^sition^ but only the former, 
which is that indicated by nature ; and 'notwith^ 
standing its Imperfections, which the temperament 
corrects in the execution, it is pfrefe^able to tbefirst 
of the Grecian' scales, a scale vei^ deficient as. it did 
not comprehend the whole extent of the octave ^ ic 
is superior also to the second, mijfaj so/j &c, ascrib- 
ed to Pythagoras, because its- desinence is more 
perfect^ and conveys to the ear a rest, . which' is not 
m that of Pythagoras, on account pf its fall on the 
tonic note, announced and preceded by the note si^ 
the third of the fifth sol^ the effect of which is so. 
striking to our musical ears, that it has been distia* 
guished by the name of the sensi^s tiête* 
. ^"wo modes, properly so called, are knpwn in 
music, the characters of which are exceec^ngly 
striking to ears possessed of any musical sensibility : 
these are the major mode and the minor niçdf. The 
major mode is, when in the diatonic scale the third 
of the tonic note Is major ; such is the third from 
ui to mi. The above gammut, or diatonic scale^ 
therefore is in the major mode. 

JBut if the third of the tonic note be • minor j it 
indicates the minor mode. This mode has Its scale 
as well as the major. Thus, for example, if we 
assume /a as the tonic note/ the scale of the minor 
mode ascending will be /j, //, «/, re, mi^fa, sol^^ la. 
We here make use of the term ascending, because 
it is a singularity of the minor mode, that its scale 
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descending» is difiisrem from what it is ascending | 
and indeed in descending we ought to say la^ sol^ jài 
m^ re^ itf, si^ la. If the tone were in ta^ the ascend-i 
ing scale would be itf, re^ ^^9 fa, sol, la\ si, ut, and 
descendmg af ji% ta^^ sol, fa, m\ re, at. Hence the 
reason why, in airs in the minor moide^ we so often 
find, without the tone being changed, accidental 
flats or siarfs, or ïiaturalsj wiuch soon destroy their 
effect, or tluit of those which are m the def. Tliû 
is one of those smgahiides, of the necessity of which 
the ear made nnistcians senaUe: the cause of it 
however, which depends on the progress of the fun^ 
damental bass, was first exphJned by Rameau. 

To these two modes shall we add a third, propot* 
ed by M. de Blalnvillé, Under the name of die smxed 
mode, the generation and properdes of which he ex« 
plains in his History of Music ? EBs scale is mi, fa^ 
iol, ia, si, ta, re, mi. We shall here only observe^ 
that mujudans do not seem to have given a vefy 
favourable reception to this new mode, and we am» 
fess (hat we are not sufficiently versed in these mat* 
térs to be able to dedde whether they are right or 
wrong. 

But however this may be, the character of the 
major mode is sprightliness and gaiety ; while in the 
minor mode there is something gloomy and sad, 
which renders it peculiarly fitted for expressions of 
that kind. 

The modem music has its genera as well as the 
ancient. The diatonic is the most common ; and 
is that most agreeable to what is pointed out by na* 
fure ; but the modems have their chromatic also^ 
and even in certain respects their enharmonic, 
though in a sense somewhat different from that as» 
signed to these words by the ancients. 
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The mocluladon is chromatic when several semU 
tones are passed over in succession, as if we should 
say^à, mi J mi\ re^ or iol^fcfi^fa m. It is very rare 
to have more than three or four si^mi tones foUovnng 
each other in this manner } vet in an air of the se* 
cond act of la Zirigara^ ,or tne Gypsey, an Italian 
intermède^ there is a whole lower octave almost frohi 
ut to re in consecutive semitones. It is the longest 
chromatic passage vnth which we -are acquainted. 

Rameau finds the origin of this progression in the 
nature of the fundamental br^ss, which, I instead of 
proceeding from fifth to fiith, which is its natural 
movement^ proceeds from ihird to third. But it 
must here be remarked^ that in the first passage 
from m to m\ there ought stricdy to U. bnly a 
semitone minor, and from nU^ to re a semitone ma^ 
jor ; hut the temperament and constitution of rùost 
instruments, by confounding the ir^ with m\ divide 
into equal parts the interval from re to nii^ and the 
ear is affected by them exactly in the same manner» 
especially by means of the accompaniment. 

There are two enharmonic genera, the one called 
the diatGffic enkàrmonU^ and the other the chromatic 
enbarmome^ but they afe very rajrely employed by 
musicians. These genera' are not so called because 
quarters of a tone are employed in them, as in the 
ancient enharmonic; but because, from the pro- 
gress of the fundamental bass, there result sounds, 
wluch, though taken one for the othei, really differ 
a quarter of a tone, called by the ancients enhar# 
monic, or are in the rado of^ 125 to 128. In the 
diatonic enharmonic, the fundamental bass goes on 
alternately by fifths and thirds, and in the chromatic 
enharmonic it goes on alternately by third major and - 
minor. This progression introduces, both into the 
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melody and the harmony, sounds which, béloilgîng 
neither to the principal ione nor its relatives, conVey 
astonishment to the ear,' and iEiffect it in à harsh and 
extraordinary manncfj^ but which are proper for 
certain terrible and virfeut expressions. It was for 
this reason that Rameau employed the diatonic 
enharmom'c in the tnaof the Fates, in his opera of 
HtppolHus and Aricia ; and though he was not able 
to get it executed,*- he was firmly persuaded that it 
would have produced a powerful effect had he found 
performers disposed to fall into his' ideas, so that he 
suffered it to remain in the partition which was 
printed. He mentions, as a piece of the enhar- 
monic kind, a scene of the Italian opera of Coriolano^ 
beginning with these words, O iniqm Màrfnil^ which 
he says is admirable. Specimens of tins genus are 
to be found also in two of his own pieces for the 
harpsichord, the Tritmpbanit and the Enharmomque^ 
and he did not despair of being able to employ the 
chiomatic enharmonic at. least in symphonies. .And 
why indeed might he not have done so, since 
Locatelli, in his first concertos, employed this genus, 
leaving the flars and sharps to exist, and distin* 
guishing for example thé r^ if from nii\ This; says 
a modem historian of music, M. de'Blainville, is a 
j»ece truly infernal, which throws the soul into a 
violent state of apprehension and terror. ■ 

We cannot terminate this article better than by 
giving a few specimens of the music of different 
nations. For this purpose we have caused to be 
engraved some Grecian, Persian, Chinese, ' Arme» 
nian and Tartar airs, which will serve to give an idea < 
of the modulation that characterises the music of 
these people (plate à 6). 
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ARTICLE IX. 

Musical Paradoxes^ 

s I- 

b is impossible to intimate justly the following intervaby 
sol,* ut) la, re, sol } that is to say^ the interval be^ 
tween sol and ut ascending^ that from ut to la re- 
descending from third minor ^ then ascending from 
fourth to re, and that between re and sol descending 
from fifths and to make the second sol in unis&n with 
theprst. 

It v^ill be found indeed by calculation, that if the 
first sol be represented by i>, the ut^ ascending from 
fourth, will be 4; consequently the /^, descending 
from third minor, will be -^ ; the re above then 
^1 be 7^, and in the last place the sol^ descending 
from fifth, will be I?- But the sound represented 
by-g-J» is lower than that represented by i, there^ 
fore the last sol is lower than the fii st. 

But how comes it that experience is contrary to 
this calculation ? In answer to this quesdon we shall 
observe, that the diflFerence arises merely from the 
remembrance of the first tone sol. If the ear how* 
ever were not aSected by this tone, and if the per«> 
former's whole attention were directed to the just 
intonation of the above intervals, it is evident that 
he would end with a lower sd. \z therefore often 
happens that a voice, without an accompaniment, 
after having chanted a long air, in which several 
tones are passed through, remains, in ending, higher 
gr lower than the tone by which it began« 
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This arises from the necessary alteration of some 
intervals in the, diatonic scale. In the peceding 
example, from la to a/, there is only a third minor 
in the ratio of 27 to ^a, and not of 5 to 6 ; but it 
is the latter which is mtonated if the voice be true 
and well exercised; consequently the person who 
chants, lowers by a comma more than is necessary, 
and therefore it is not astonishing that the last sot 
ihould always be lower^ by a coouna, than the first* 

S- IL 

h ituttwnents CMstructed with keysj such as the barp^ 
sichordj it is impossible thai the thirds and the fifths 
should be both just. 

This may be easily demonstrated in the following^ 
mann^.— Let thercrbe a series of tones, fifths to 



each other ascending» as ut^ soly re^ la^ mi; if etf be 
denoted by i y sol wul be \-yre ^yla -^j mi |4-'* ^^ 
mi ought to form the third major with the double 
octave of ut or 4» that is to say they ought to be 
in the ratio of 1 to 4^ or of 5 to 4, or of 80 to 64; 
but this is not the c^e, for 4 and |^ are to each 
other as 3 1 to 64 : this mi therefore does not form 
the third major with the double octave of ut; or if 
both are lowered from the double octave, ut and mi 
are not thirds to each other, if mi is a just fifth to la. 
In instruments with keys then, such as the harp- 
sichord, however well tuned, all the intervals, the 
octaves excepted, are either false or altered. This 
necessarily follows from the manner in which that 
instrument is tuned ; for when all the ufs are made 
octaves to each other, as they ought to be, the sol is 
made the fifth to »/, re the fifth to sol^ and the octave 



FIFTHS» 495" 

lis lowered, because it is too high i fa is then made 
the fifth to râj thus lowered^ and mi the fifth to la^ 
and this mi is lowered from octave. By continuing 
in this manner to ascend twice from fifth, and then 
to descend from octave, the series of sounds si^ 
faff utPy soJili re^y la^^ mi^, sif are obtained; Bud 
the latter j/v^ which ought at most to be in unison^ 
with the itf, the octave of the first, is found to be 
higher ; for calculation shews that it is expressed by 
;|;|;[{, which is less than 4 the value of the octave 
of ut : this renders necessary what is called tern* 
perament, which consists in lowering gently and 
equaUy all the fifths, so that the latter //tf is found 
to be exactly the octave of the first ut. Such at 
least is the method taught by Rameau, and it is no 
doubt the most rational. But whatever may be the 
method employed, it always consists in rejecting in 
a more or less equal manner from the notes of the 
octave» this excess of à H above «/, which cannot be 
done without altering, in some measure, the fifthsji 
thirds, &Cn» 

We have jutt seen that the si ^ given by the pro- 
gression of fifths, is higher than ut ; but if the fol- 
lowing progression of thirds be employed, utj m, 
sol^^ sijji^ this si^ will be very different from the for- 
mer ; for it will be found that it is expressed by 4tt% 
while the octave of uti% \. But \- is less than -^V* 
consequently this si^ is below ut expressed by 4? and 
the interval of these two sounds is expressed by the 
ratio of 128 to 125, which is the fourth of the 
enharmonie tone. 
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J lower note, for example re, affected by a sharps is net 
the same thing as the higher note, mi, afflicted by a 
flat; and the case is the same with other notes zvhicb 
are a whole tone distant from each other. 

The sharps are generally given by the major mode, 
and even by the minor, provided the subtonic note h 
not distant from the tonic more than a semitone 
major, as the si is from ut, in the tone of ut ; then, 
as from re to mi there is a tone minor, which is com- 
posed of a semitone major and a semitone minor^ if 
we take away a semitone major, by which re^ ought 
to be lower than mi, the remainder will be a semitone 
minor, by which the same r^ j( ought to be higher 
than re. If the distance between the notes were a 
tone major, the sharp would raise the lower note by 
an interval equal to a semitone minor, plus a comma 
of 80 to 81, which is a mean semitone between the 
major and the minor. 

The note therefo^-e is raised by the sharp only a 
mean semitone, or a semitone minor. 

Flats are generally introduced in modulation by 
the minor mode, when it is necessary to lower the 
note a third, so that it shall form with the tonic a 
third minor : mi flat therefore ought to form with 
ut a third minor ; consequently if from the third 
major ut mi, which is t, we take the third minor, 
which is 4, the remainder i^ is the quantity which 
expresses how much the flat lowers the mi below the 
natural tone : nù flat then is higher than re sharp. 

In practice however thç one is taken for the other, 
especially in instruments constructed with keys : the 
flat in these is lowered, and thç sharp gradually 
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raised, till they coincide with each other ; and we 
do not know whejther practice would gain much by 
making a distinction between them. 

ARTtCtE i. 

On the cause of the pleasure arising from fnusio^^Tbt 
effects of st-CH man and on animak. 

It has often been asked, why tr^o sounds, whicli 
form to each other the fifth and the third, excite 
pleasure, while the ear experiences à diàagreeahlé 
sensation by hearing sounds which are no more 
than a tone or a semitone distant from each other; 
Though it is' difficult to answer this question, the 
following observations may tend to throw some 
light on it. 

Pleasure, we are told, arises from the perception 
of relations, as may be proved by various examples 
taken from the art& The {)leasure therefore de^ 
rived from music, consists in the peixjeption of 
the relations of sounds. But are these relations 
sufficiently simple for the soul to perceive and dis- 
tinguish their order? Sounds will please when heard 
together in a certain order ; but, on the other hand, 
they will displease if their relations are too complex^ 
or if they are absolutely destitute of order. 

This reasoning will be suffidehtly proVed by an 
enumeration of the known concords. In unison, 
the vibrations of two sounds continually coincide 
throughout the whole time of their duration ; this 
is the simplest kind of relation. Unison also is the 
first concord. In the octave, the two sounds, of 
which it is composed, perform iheir vibrations in 
such a manner, that two of the one are completed 
in the same time as two of the other. Thus imisoxi 
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i^ Succeeded by the octave» It is so natural to maa^ 
ijiat he who, through some defect, in his voice, can- 
not reach a sound too grave or too acute, falls into 
the higlier or lower octave. 

When the vibrations of two sounds are performed 
in such a manner, that three of the one correspond 
to one of the other, these give the simplest relation, 
pext to those above mentioned. Who does not 
know, that the concord most agreeable to the ear is 
the twelfth, or the octave of the fifth ? In this re- 
spect it even surpasses the fifth, the ratio of which, 
;t little more compounded, is that of 2 to 3. 

.Next to the fifth is the double octave of the third, 
or the seventeenth major, which is expressjgd by the 
ratio of i to 3. This concord therefore, next to 
the twelfth, is the most agreeable ; and if it be 
lowered from the double octave, to obtain the third, 
it will still be in consonance ; the ratio of 4 to 5, by 
which it is then expressed, being very simple. 

In the last place, the fourth, expressed by 4» the 
third minor, expressed by -^, and the sixths, both 
major and minor, expressed by 4 2md -^, are con- 
cords, and for the same reason. 

But it appears that all the other sounds, after 
these relations, are too complex for the soul to per- 
ceive their order : of this kind arc the intervals 
called the tone major and the tone minor, expressed 
by 5- and ,1., and much more so the semitones 
major and nnnor, expreiised by ^-V and |-J. Such 
also are the concords of third and fifth, however 
little they may be altered; for the third major, 
raised a comma, is expressed by ^-\ ; and the fifth 
diminished by the same quaniity, ha- for its expres- 
sio I ; . : in liic li-i {)K.v,c, ili>.. tiiioijc-, as from ut to 
y^'^5 ioOii<: of ihe inost ui'jagice.ai'le discords, and is 
exp/\\>-eJ i^y -i-i- 
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The following very strong objection however 
may be made to this reasoning. How can the plea- 
sure arising fix)m concords consist in the perception 
of relations, since the squI often does not know 
wherher such relations exist between the sounds ? 
The most ignorant person is no less pleased with a 
harmonious concert than he who has calculated the 
relation of all its parts : what has hitherto been said 
may therefore be more ingenious than solid» 

We cannot help acknowledging that we are rather 
inclined to think so ; and it appears to us that the 
celebrated experiment on the resonance of sonorous 
bodies, may serve to account, in a still more plau- 
sible manner, for the pleasure arising from con- 
cords ; because, as every sound degenerates into 
mere noise, when not accompanied by its twelfth 
and its seventeenth major, besides its octaves, is it 
not evident that, when we combine any sound with 
its twelfth or its seventeenth major, or with both at 
the same time, we only imitate the proems of na- 
ture, by giving to that sound, in a fuller and more 
sensible manner, the accompaniment which nature 
itself gives it, and which cannot fail to please the 
ear on account of the habit it has acquired of hear- 
ing them together ? This is so agreeable to truth, 
that there are only two primitive concords, the 
twelfth and the seventeenth major ; and that the resr:, 
as the fifth, the third major, the fourth, and the sixth, 
are derived from them. We know also that these ' 
two primitive concords are the most perfect of all, 
and that they form the most agreeable accom- 
paniment that can be given to any sound ; though 
on the harpsichord, for example, to facilitate exe- 
cution, the third major and the fifth itself, which 
with the octave form what is called perfect harmony, 
are substituted in their stead* But thi$. harmony U 
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perfect only by representation, and the most perfect 
of all would be that in which the twelfth and the 
seventeenth were combined with the fundamental 
sound and its octaves. Rameau therefore adopted 
it as often' as he could in his choruses/ and parti- 
cularly in his Pygmalion. We might enlarge far- 
ther on this idea, but what has been already said 
will be sufficient for every intelligent reader. 

Some very extraordinary things are related in 
regard to the effects produced by the music of the 
ancients, which on account of their singularity we 
shall here mention. We shall then examine them 
• more minutely, and shew that, in this respect, the 
modern music is not inferior to the ancient. 

Agamemnon, it is said, when he set out on the 
expedition against Troy, being desirous to secure 
the fidelity of his wife, left her under the care of a 
Dorian musician, who by the effect of his airs ren- 
dered fruitless, for a long time, the attempts of 
^gisthus to obtain her affecdon ; but that Prince 
having discovered the cause of her resistance, got 
the musician put to death, after which he triumphed 
without difficulty over the virtue of Clytemnestra. 

We are told also that, at a later period, Pythagoras 
composed songs or airs capable of curing the most 
violent passions, and of recalling men to the paths 
of virtue and moderation : while the physician pre- 
scribes draughts for curing bodily diseases, an able 
.musician might therefore prescribe an air for root- 
ing out a vicious passion. 

The stoiy of Timotheus, the director of the 
music of Alexander the Great, is well known. — 
One day, while the prince was at table, Timotheus 
performed an air in the Phrygian mode, which made 
such an impression on him that, being already 
heated with wine, he flew to his arms^ and was going 
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to attack his guests, had not Timotheus immediately 
changed the style of his performance to the Sul> 
Phrygian. This mode calmed the impetuous fiiry 
of the monarch, who resumed his place at table. 
This was the same Timotheus who, at Sparta, ex^ 
perienced the humiliation of seeing publicly sup« 
pressed four strings which he had added to his lyre. 
The severe Spartans thought that this innovation 
would tend to effeminate tneir manners, by intro- 
ducing a more extensive and more variegated kind 
of music. This at any rate proves that the Greeks 
were convinced that music had a peculiar influence 
on manners ; and that it was the duty of govern- 
ment to keep a watchful eye over that art. 

Who indeed can doubt that music is capable of 
producing such an effect? Let us only interrogate 
ourselves, and examine what have been our sensa- 
tions on hearing a majestic or warlike piece of music, 
or a tender and pathetic air sung or playqd with 
expression. Who does not feel that the latter tends 
as much to* melt the soul, and dispose it to pleasure, 
as the former to rouse and exalt it ? Several facts in 
regard to the modem music place it on a level in 
this respect with the ancient. 

The modern music indeed has also had its Timo- 
theus, who could excite or calm, at his pleasure, 
the most impetuous emotions. Henry III. king of 
France, says le Journal de Sancy^ having given a 
concert on occasion of the marriage of the Duke 
de Joyeuse, Claudin le Jeune, a celebrated musician 
of that period, executed certain airs, which had 
such an effect on a young nobleman, that he drew 
his sword and challenged every one near him to 
combat ; but Claudin, equally prudent as Timotheus, 
instantly changed to an air, apparently Sub-Phrygian, 
which appeased the furious youth. 
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But, whit shall we say of Stradclla, the cele- 
brated composer, whose music made the daggers 
drop from the hands of his assassins ? Stradella 
having carried off the mistress of a Venetian iriusi* 
«hn, and retired with her to Rome, the Venetian 
nired three desperadoes to assassinate him ; but for- 
tunately for Stradella they had an ear sensible to 
harmony. These assassins, while waiting for a 
fiivourable opportunity to execute their purpose, 
entered the church of St, John de Latran, during 
the performance of an Oratorio composed by the 
person whom they intended to destroy, and were so 
affected by the music, that they abandoned their 
design, and even waited on the musician to fore- 
warn him of his danger. Stradella however was 
not always so fortunate ; other assassin^, who appa- 
rently had no ear for music, stabbed him some time 
after at Genoa: this event took place about the 
year 1670. 

Every person almost has heard that music is a 
cure for the bite of the tarantula. This cure, which 
was formerly considered as certain, has by some 
been contested ; bur, however this may be. Father 
Schott, in his Alusurgia Curiosa^ gives the tarantula 
air, which appears to beveiydull, as well as that / 
employed by the Sicilian fishermen to entice the 
thunny fish into their nets. 

\'arious anecdotes are related respecting persons 
whose lives have been preserved, by music effecting 
a sort of revolution in their constitutions A woman 
being attacked for several months with the vapours, 
and confined to fier apartment, had resolved to 
starve herself to death : she was however prevailed 
on, but not without difficulty, to see a representation 
of the Sirva Padrona^ at the conclusion of which 
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ûït fouRcI herself almost cured, and, renouncing 
her melancholy resolution, was entirely restored to 
health by a few more represientations of the like 
kind. 

There is a celebrated air in Swisserland, called 
Ranz des Vaches, which had such an extraordinary 
effect on the Swiss troops in the French service, 
that they always fell into a deep melancholy when 
they heard it : Louis XIV. therefore forbade it eVer 
to be played in France, under the pain of a severe 
penalty. We are told also of a Scotch air CLochaber 
710 more J which has a similar effect on the natives 
of Scotland. 

Most animals, and even insects, are not insensible 
to the pleasure of music. There are few musicians 
perhaps who have not seen spiders suspend them- 
selves by their threads in order to be near thé' 
instruments. We have several times had that satis- 
faction. We have seen a dog who, at an adagio of 
a 3onata by Sennaliez> never railed to shew signs of 
attention, and some peculiar sensation by howling. 

The most singular fact however is that mentioned 
by Bonnet, in nis History of Music. This author 
relates that an officer, being shut up in the Bastille, 
had permission to carry with him a lute, on which 
he was an excellent performer ; but he had scarcely 
made use of it for three or four days, when the mice 
issuing from their holes, and the spiders suspending 
themselves horn the ceiling by their threads, assem- 
bled around him to participate in his melody. His 
aversion to these animals made their visit at first 
disagreeable, and induced him to lay aside his recre- 
ation; but he was soon so accustomed to them, 
that they became a source of amusement. We are 
informed by the same author, that he saw, in 16(^8, 
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at the country seat of Lord Portland, the English 
ambassador in Holland, a gallery in a stable, em-r 
ployed as he was told, for giving a concert once 
a week to the horses, which seemed to be much 
i^ected by the music. This, it must be allowed,^ 
W2^ carrying attendon to horses to a very greai 
length. But it is not improbable that this anecdote 
was told to Bonnet by son\e person^ in order to make 
gam^ of him* 

ARTICLE XK 

Ç)fihe fropertles of certain instruments^ and particulurly. 

wind instruments. 

< . ■ • - 

I. We are perfectly well acquainted with the 
manner in which stringed instruments emit their 
^unds ; .^ut trroneou$ ideas were long entertained 
in regar4 to w^nd ins.truments, such as the flute ; for 
the sound was ascribed to the interior suriface of the 
tube. 1 he celebrated Euler first rectified this error^^ 
spd it results from his researches: 

I St. That the sound produced by a flute, is 
nothing else than that of the cylinder of air con- 
tained in it. 

2d. That the weight of the atmosphere which 
compresses it, acts the part of a stretching weight. 

3d. That the sound of this cylinder of air, is 
exactly the same as that which would be produced 
by a string of the same mass and length, extended 
by a weight equal to that which compresses the base 
of the cylinder. 

This fact is confirmed by experiment and calcu- 
lation : for Euler found that a cylinder of air, of 
1 \ Rhinlandish feet, at a time when the barometer is 



s 



IK8TRUM£NT8« 435 

at a mean height, must give C-^j^/— «/; and such ii 
nearly the length of the open ' pipe of an organ 
which emits that sound. The reason of ics being 
made generally 8 feet is, because that length is 
required at those times when the weight of the 
atmosphere is greater. 

Since the weight of the atmosphere produces, in 
regard to the sounding cylinder of air, the same effect 
as that produced by the weight which stretches a 
string, the more that weight is increased, che more 
will the sound be elevated ; it is therefore observed 
that during serene warm weadier, the tone of wind in- 
struments is raised ; and that during cold and stormj 
weather it is lowe ed. These instruments also emit 
a higher sound, in proportion as they are heated ; 
because the mass of the cylinder of heated air be- 
coming less, while the weight of the atmosphere 
remains unchanged, the case is exactly the same 
as if a string should become less and be still stretched 
by the same weight : every body knows that such a 
string would emit a higher tone. 

But as stringed instruments must become lower, 
because the elasticity of the strings insensibly de-* 
creases, it thence follows that wind and stringed 
instruments, however well tuned they may be to 
each other, soon become discordant : for this rea« 
son the Italians never admit the former into their 
Orchestras. 

II. A very singular phenomenon is observed in 
regard to wmd instruments, such as the flute, and 
huntsman's horn : with a flute, for example, when 
all the holes are stopped, if you blow faintly into 
the mouth aperture, a certain tone will he produced ; 
if you blow a little stronger, the tone instantly rises 
to the octave ; and by blowing successively with 
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more force, you will produce the twelfth, or fifih 
above the octave ; then the double octave or seven- 
teenth major. 

Ihe cause of this eflfect is the division of ihe 
cylinder of air contained in the instrument j when 
you breathe into the flute gently, the whole column 
resounds, and it emité the lowest tone; but if you 
endeavour, by a stronger inspiration, to make it 
perform quicker vibrations, if divides itself into 
two parts, which perform tbdr vibrations separately, 
and which consequently must give the octave: a 
still stronger inspiration makesr the column divide 
itself into three portions, which give the twelfth, &c. 

III. It remains for us to speak of the trumpet 
iharine. This instrument is only a monochord of a 
singular construction, being composed of three 
boards that form a triangular body. It has a very 
long neck, and one thick string, mounted on a 
bridge, which is firm on the one side, and tremu- 
lous on the other. It is struck by a bow with one 
hand, and with the other the string is stopped or 
pressed on the neck by means of the thumb, applied 
to the divisions indicated for the dift'erent tones. — 
The trembling of the bridge, when the string is 
struck, makes it imitate the sound of the trumpet ; 
and this it does to such perfection, that it is scarcely 
possible to distiiiguisli the one from the other. Hence 
it had its name : but whereas in the common stringed 
instruments the tone becomes lower ac the part of 
fhe string struck is Icngcr, the case here is the con- 
trary ; for if the half of the string, for example, 
gives ui, the two thirds give the fol above, and the 
three fourths give the octave. 

M. Sauveur first assigned the reason of this sin- 
gularity, and proved it in a sensible maiîner, by 
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shewing that when the string» by the gentle applU 
cation of the finger, is divided into two parts which 
are to each other as i to 2, whatever part be touched, 
the greater immediately divides itself into two equal 
portions, which consequently perform their vibra-* 
tions in the same time, and give the same sound as 
the less. But the less being the third of the whole» 
and the two thirds of the half, it must give the fifth 
or sol when the half gives ttf. In like manner, the 
three fourths of the string divide themselves into 
three portions, each equal to the remaining fourth» 
and as they perform their vibradons separately, they 
must emit the same sound, which can be only the 
octave of the half. The case is the same with the 
other sounds of ihe trumpet marine, which may be 
easily explained on the same principle. 

ARTICLE xli. 

Of a fixed sçund ; methd of preserving and tram* 

mitiing iU 

Before the effects of the temperature of the air 
on sound, and on the instruments by which it is 
produced, were known, this would not have formed 
the subject of a question, but to the few possessed 
of an ear exceedingly fine and delicate, and in which 
the remembrance of a tone is perfect : to others no 
doubt would remain that a flute, not altered, would 
always give the same tone. Such an opinion how» 
ever would be erroneous, and if the means of trans- 
mitting to St. Domingo, for example, or to Quito, 
or only to posterity, the exact pitch of our opera 
were required^ to solve this problem would be at^ 
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tended with more difficulty than might at first be 
imagined. 

Notwithstanding what may be generally said in 
this respect, we shall here begin by a sort of para* 
dox« It is every where said that the_ degree of the 
tone varies according to the weight of the atmo- 
^here, or the height of the barometer. This we 
can by no means admit ; and we flatter ourselves 
that we can prove the contrary. 

It has been demonstrated by the formulae of 
Euler, and no one entertains any doubt in regard to 
their truth, that if G represents the weight which 
compresses the column of air in a flute, L the length 
of that column, and W its weight, the number of- 

the vibrations it makes will be expressed by v^^^^r 

that is to say, will be in the compound ratio of the 
square root of G, or the compressing weight taken 
directly, and the product of thé length by the weight 
^en inversely. Let us suppose then that the length 
of the column of air put in vibration is invariable, 
and that the gravity of the atmosphere only, or G, 
IS variable, as well as the weight of the vibrating 
column. In this case we shall have the number of 

the vibrations proportional to the expression ^— • 

Out the density of any stratum of air being propor- 
tional to the whole weight of that part of the atmo- 
sphere immediately above it, it thence follows that 
W, which in equal lengths is as the density, is as G* 

The fraction ^ therefore is constantly the same, 

when difference of heat does not alter the den* 

Sity. The square root of ~ then is always the same; 

consequently there will be no variation in the nuin? 
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ber of the vibrations, or in the tone, at whaterer 
height in the atmosphere the instrument may be 
situated, or whatever be the gravity of the air, pro- 
vided its temperature has not changed. 

This reasoning, in our opmion, is unanswerable ; 
and if the gravitv of the air has hitherto been 
reckoned among tnose causes which alter the Cone of 
wind instruments, it is because it has been implicitly 
believed that the weight of the column of air put in 
vibration is invariable. It is however evident that 
under the same temperature it must be more or less 
dense, according to the greater or less density of the 
atmosphere ; since it has a communication with the 
surrounding stratum of air, the density of which is 
proportional to that gravity. But the gravity in 
equal volumes is proportional to the density ; therc- 
%fore, &c 

Nothing then remains to be considered but the 
temperature of the air, which is the only cause that 
can produce variations in the tone of a wind instru* 
ment. But whatever may be the degree of heat or 
of cold, the tone might be fixed in the following 
manner. For this purpose provide an instrument, 
such as a German flute, the cylinder of air in which 
can be lengthened or shortened by moving the 
joints closer to or farther from each other; and 
have another so constructed, as to remain invari- 
ble, and which ought to be preserved in the same 
temperature, such as 54 degrees of Fahrenheit's ther- 
mometer. The first flute being at the same degree 
of temperature, bring them both into perfect unison» 
and then heat the first to 74** of Fahrenheit, which 
will necessarily communicate to the cylinder of air 
contained in it the same degree of heat, and 
lengthen it by the quantity necessary to restore 
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perfect unison : it is evident that if this elongation 
were divided into twenty parts, each of them would 
-represent the quantity by which the flute ought to 
be lengthened for each degree of Fahrenheit's ther« 
mometen 

But it may be readily concaved that the quantity 
of this elongation, wtuch at most would be but a 
few lines, could not be divided into so many parts ; 
and therefore it ought to be executed by the motion 
of a screw, that is to say one of the Joints of the in- 
strument should be screwed into the other ; for it 
would then be easy to make this elongation corre- 
spond to a whole revolution, and hence it might be 
divided into a great number of equal parts. 

By these means the opera at Lima, if required, 
where the heat frequently rises to no of Fahren- 
heit's thermometer, might be made to have exactiv 
the same pitch or tone as at Paris. But this is su^ 
ficient on a subject tlie utility of which would not 
be worth the trouble necessary for attaining to such 
a degree of precision. 

ARTICLE XIII. 

Sin^ar application of music to a quaiion in mechanics. 

This question was formerly proposed by Borelli ; 
and though we do not think that it can at present 
be a subject of controversy, it has occasioned some 
différence of opinion among a certain class of me- 
chanicians. 

Fasten a string at one end to a fixed point ; and 
having stretched it over a kind of bridge, suspend 
from it a weight, such as to pounds for example. 

Now, if instead of the fixed point, which main- 
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tains the string' in its placç in opposition to the 
action of the weight, a weight equal to the former 
be . substituted, will the string in both cases be 
equally stretched ? 

We have no doubt that eveiy well informed mc* 
chanician will readily believe that in both cases the 
tension wfll be the same ; and this necessarily fol- 
lows from the principle of equality between action 
and re-action. According to this principle, the im- 
moveable point, which in the first case counteracts 
the weight suspended from the other end of the 
string, opposes to it a resistance exactly equal to 
the action which it exercises : if a weight equal to 
the former be therefore substituted instead of the 
fixed point, every thing remains equal in regard to 
the tension experienced by the parts of the string, 
and which tends to separate them. 

But music furnishes us with a method of proving 
this truth to the reason, by means of the sense of 
hearing ; for as the tone is not altered while the 
tension remains the same, nothing is necessary bqt 
to make the following experiment. Take two 
strings of the same metal, and the same size, ^nd 
having fascened one of them by one end to a fixed 
point, *.retch it over a bridge, so as to intercept be- 
tween it and the fixed point a determinate length, 
such as a foot for example ; and suspend from the 
other end of it a given weight, such as lo pounds* 
Then extend the second string over two bridges, a 
foot distcmt from each other, and suspend from 
each extremity of it a weight of lo pounds ; if the 
tone of these two strings Le the same, there will be 
reason to conclude that the tension also is the same» 
We do not know whether this experiment was ever 
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made ; but w6 will venture to assert that it will de^ 
dde in £avour of equality of tension. 

Tliis ingenious application of music to mechanics, 
is the invention of Diderot, who proposed it in his 
Mémoires sur différentes sujets de Mathématique et de 
Physique^ printed at Paris in octavo in the year 1 748. 

ARTICLE XIV. 

Some singular considerations in regard to the flats and 
sharps y and to their progression on their different 
tones. 

Those in the least acquainted with music know 
that, according to the diflferent keys employed in 
modulation, a cercain number of sharps or flats are 
required ; because in the major mode, the diatonic 
scale» with whatever tone we begin, must be similar 
to .that of utj which is the simplest of all, as it has 
neither sharp nor flat. These flats or sharps have 
a singular progress, which deserves to be observed ; 
it is even susceptible of a sort pf analysis, and as we 
may say algebraic calculation. 

To give some idea of it, we shall first remark, 
that a flat may and ought to be considered as a ne- 
gative sharp, since its effect is to lower the note a 
semitone, whereas the sharp raises it the same 
quantity. 'J his consideration alone may serve to 
determme all the sharps and flats of the different 
tones. 

It may be readily seen that when a melody in ut 
major is raised a fifth, or brought to the tone of sdy 
a sharp is required on ûitfa. It may therefore be 
thence concluded, that this modulation, lowered a 
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fifth or brought to fa^ will require a flat ; and 
indeed one is required on the si. 

It hence follows also, that if the air be raised 
another fifth, that is to say to te^ one sharp more 
will be required ; and this is the reason why two 
are necessary. But to rise two fifths, and then 
descend an octave to approach the primitive tone, is 
to rise only one tone ; consequently to raise the air 
one tone, two sharps must be added, llie tone of 
re indeed requires two sharps, and for the same 
reason the tone of m requires four. 

The tone oifa requires one flat, and that of mi re- 
quires four sharps ; therefore, when an air is raised 
a semitone, five flats must be added ; for, a flat 
being a negative sharp, it is evident that such si 
number of flats must be added to the four sharps of 
m, as shall efiace these four sharps, and leave one 
flat remaining ; which cannot be done but by five 
flats, for, according to the language of analysis, — 5^ 
must be added to 4;^, to leave as remamder-— x. 
For ti.e same reason, if the modulation be lowered 
^ semitone, five sharps must be added : thus, as thç 
tone of vt has neither sharps nor flats, five sharps 
will be found necessary for ji, which is indeed the 
case If the modulation be still lowered a tone, to 
be in £1, we must add two flats, in the same manner 
as two sharps are added when we rise a tone. But 
five sharps plus two flats, is the same thing as five 
sharps minus two sharps, or three sharps. We still 
find therefore, by this method, that the tone of la 
requiret three sharps. 

But, before we proceed farther, it will be neces«> 
sary to observe, that all the chromatic tones, that is 
to say all those inserted between the tones of the 
natural diatonic scale, may be considered ai sharps 
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tt flats ; for it is evident diac ut^ or re^ are the sarile 
thing. It is very singufer however^ that according 
46 this note is considered an inferior one affected by 
a sharp» or a superior one affected by a flat, the 
number of sharps required, by, the tone of the first» 
«Bftf» for example, suid that of the &ztt required bv 
acetone of the second, r^, always içiake 12} whicn 
evidently arises from the division of the octave into 
k % semitones : therefore^ since re^, as above shewn^ 
requires five flats, if, instead of this tone, we con-» 
sider it as ta , seven sharps will be required ; but 
for the facility of ex^ecution it is much better, in 
&e present case, to consider this tone as r^^, than 

This change therefore ought always to be mad^ 
Vhen the number of the sharps exceeds six ; so 
that, since ten sharps, for example,' would be found 
in the tone of U^^ we must call it x/^, and we sbalt 
have lor that tone two flats, because two flats ar6 
the coinpfefnent of ten sharps. On the other hand, 
Il following the progression of the semitones de« 
scending, if we should find a greater number of. 
sharps than 1 2, we ought to reject 1 2, and the re-*. 
mainder ^U be that of the tone proposed : for 
example, as «/ has neither sharp nor flat, we have 
five-sharps for the. lower tone j/; ten sharps for the 
semitone below la^ ; fifteen sharps for the still lower 
semitone la : if twelve sharps therefore be rejected, 
diere will remain three, which are indeed the num- 
ber of sharps necessary in the tone of A — mi-^a^ 

The tone of sol^ ought to have 8 or 4 flats, if we 
<M it lah. 

The tone of /ol will have 13 sharps, from 
which if I a be deducted, one sharp will remab, as 
is well known. 
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Thie tûtie of fjf will have 6 sharps, or 6 Oats, if 
We call it sol^. ^ . : • 

Tlie tone yi ought to have 6 flats plus 5'sharps j 
that is to say, i flat, as the 5 sharps destxt>y the 
same number of âa:ts% r 

That of mi will have i flat plus 5 sharps-) that ^ 
4 sharps, as the flat destroys one of thens . . * * 

That of r€* will have 9 sharps or 3 fiats, if it be 
considered as mt^. 

That of re w^U have 14- sharps ; that is to say 4j 
by rejecting 12, or 3 flats plus 5 sharps =1 2 ^aips.* 

That of ta will have 7 sharps, or 5 flats, ifwc- 
call it rA 

In the last place, the tone nt natural will hare i a 
ghàrps ; that is to say none, or 5 flats plus 5 sharps^ 
which destroy each otb^. 

The very same results would be obtained- m 
ascending by semitone after semitone from ut^ and 
adding 5 flats for each ; taking care to rdect i ^ 
when they exceed that number. Our readers, by 
way of amusement, may make the calculation. By 
calculating the number of the semitones, either 
ascending or descending, we might in like man- 
ner find that of the sharps or flats of any tone 
given. 

Let us take, for exalnple, that of fa^ :' from ut 
ascending there are six semitones, and sise times^ 5 
flats makes 30 flats ; from which if we deduct 24, a 
multiple of J 2, the remainder v^îll be 6 : sol^ there- 
fore will have 6 flats. \ 
The same /^ is 6 tones lower than ut ; conse*- 

?[uently there must be six times 5 or 30 sharps ; 
rom which if 24 be deducted, 6 sharps will remain, 
as we have found by another method. 
The tone ef j^/ is- 5 semitones lower than ta^ 
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coosequently there must be five times 5^ or 25 
sharps ; from which if 24 be deducted» there uriU 
remain only one shaiju 

As the same tone is 7 semitones higher than uf, 
there must be seven times 5 or '35 flats; from 
which if 14 be deducted» the remainder will be 1 1 
flats» that is to say one sharp. 

Xbis pRMTession appeared to us so curious as to 
be worthv of this notice ; but in order that it may 
bé ohibited under a dearer and more favourable 
pome of view» we shall form it into a table» which 
will at any rate be useful to those who are be- 
^nmng to play 00 the harpsichord. For this 
purpose we shall present each chromatic note as 
flattened or sharpened» and on the left of the. 
former we shall mark the sharps it requires, and 
the flats on the right of the latter. 



sharp • 

7 sharps • 

2 sharps • 
9 sharps • 

4 sharps • 
1 1 sharps . 

6 sharps . 

1 sharp . 

8 sharps . 

3 sharps . 
10 sharps . 

5 sharps, 
o sharp . 



• m 

. • 



or 
re* 

or 
mi* 

>• 

or 

sol* 

or 

la* 

or 

//• 

ut* 



re 



mf 



b» 



SOt 



fr»- 



Id 



b» 



St 



:b» 



flats 

5 â^ts 

3 flats 

1 flat 

6 flats 

4 flat^ 

2 flats 
o flat 



Of these tones, we have marked those usually 
employed with a * ; for it may be easily conceived 
that by employing rJ^ under this form, we should 
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have 9 sharps, which would give two notes witli 
ilouble sharos, viz ftfifi^ v^ ; so that the eamut 
would be ré^j mfi ox fa^ fJ^ or sol^ so0^ /wF, «# 
' or ut^ kfi^ or re^ rA ; which it would be exceed* 
ingly difficult to execute : but by taking w^^ instead 
of r^y we have only j^ flats, which renders the 
gamut much simplo-, as it then becomes 

^%fa^ ^^U '^^> ^^t tt^j ^> f(^* 
We are almost inclined to ask pardon of our 
readers for having amused them with this frivolous 
speculation ; but we hope the tide of our work 
will plead our excuse; 

ARTICLE XV, 

Method tfimprtmng barreUnstruments^ and rfmakini 
them Jit to execute airs of every kind. 

The mechanism of that instrument, called the 
barrel oi^gan> is well known. It consists of a great 
number of pipes, graduated according to the tones 
and semitones of the octave, or at least those semi- 
tones which the progress of modulation in general 
requires. But these pipes never sound except when 
the wind of a bellows^ kept in continual action, is 
made to penetrate to them by means of a valve. 
This valve is shut by a spring, and opened when 
necessary by a small lever, raised by spikes implanted 
in a wQoden cylinder, which is put in motbn by a 
crank. The crank serves also to move the bellows, 
which must continually furnish the air, desdned to 
produce the different sounds by its introduction into 
the pipes. 

But, in order that the subject of this ardde may 
be properly comprehended, it will be necessary 
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t}M the reader should hav« a perfect idea of -the- 
manner ia which the notef* are arranged oa the. 
cylinder. . . 

. The dlir<sre;{t small levers, which must be raised- 
to produce the different tones, being placed at a^ 
certaiii distance from each other, that of half an 
inch for example, dr<:tdar Iine« are traced out- at 
that distance on the cylinder. One of these lines is 
intended for receiving the spikes that produce the ! 

sound ufj the «next for those that sound ut^, the- ^ 
next for those that give re y and so on. There are 
as many lines of this kind as there are pipes ; but it 
may be easily conceived that the duration of an air 
or tune can not exceed one revolution of the 
cylinder. 

Let us suppose then that the air consists of twelve 
measures. £ach of these circumferences is divided 
into twelve equal parts at least, by twelve lines 
drawn parallel to the axis of the cylinder} and' if 
we suppose that the shortest note of the air is a 
quaver, and that the îîir is in triple time, denoted 
by 1^, each interval must be divided into six equal 
portions ; because, in this case, a measure will 
contain six quavers. Let us now suppose that the 
first notes of the air are /^, iif, si, re y td^ rni^ rc^ &c, all 
equal notes, and all simple crotchets. At the 
beginning of the line for receiving the la^ and of 
the first measure, a spike must be placed of such a 
construction, as to keep raised up during the third of 
a measure the small lever that makes the la sound; 
then, in the line destined for the ut^ at the end 
of the second division or beginning of the third, a 
spike similar to the first must be fixed in the cyUnder ; 
and in the line destined for the //, another of the 
same kind must be placed : it is evident that, when 
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Ac cyHnder begins to turn, the first spike wtU 
make la sound during the third of a measure. The 
second, as soon as the first third of the measure is 
elapsed, will catch the lever and make ut sound ; 
and the third will in like manner make si sound 
during the last third. The instrument therefore 
will say la, ut^ sij &c. 

If, mstead of three crotchets, there were six 
quavers, which in this measure are the first long, 
die second short, the third long, and so on alter- 
nately, which are called doted quavers, it may be 
easilv perceived that after the spiker of the first, 
third, and fifth notes, have been fixed in the re- 
spective places of the division where they ought to 
be, nothing will be necessary but to take care that 
the spike dl the first quaver, whictf in this time 
ought to be equal to a quaver and a half, shall 
have ix% head constructed in such manner as to 
raise the lever during one part and a half of the six 
divisions into which the measure is divided ; which 
may be done by giving it a tail behind of the neces- 
sary length. In regsura to the short quavers, the 
spixes representing them ought lo be removed 
back half a division, and to be formed in such a 
manner, as to keep the lever corresponding to them 
raised up only during the revolution of a semi- 
division of the cylinder. By these examples it mky 
be easily seen what must be done in the other cases» 
that 13, when the notes have other values. 

Were the cylinder immoveable in the direction of 
its axis, only one air could be performed ; but as 
the spikes move the small levers merely by toucha 
ing them beneath in a very narrow space, such a5t 
the breadth of a line at most, which is a mechanism 
that may. be easily conceived, it nqll be readily seen 
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that by givmg to the cylinder thé small lateral mJev 
tion of a line, none of the spikes can communicate 
motion to the levers. Another line therefore, to 
receive spikes arranged so as to produce, a different 
air, may be drawn close to each of the first set of 
lines, and the number of the different sets of lines 
may be six or seven, according to the interval be- 
tween the first lines, which is the same as that 
between the middle of one pipe and the middle of 
the neighbouring one : by tntst means, if the cylin- 
der be moved a little in the direction of its axis the 
air may be changed. 

Such is the mechanism of the hand or barrel 
organ, and other instruments constructed on the 
same principle ; but it may be easily seen that tbey 
are attended with this inconvenience, that they caa 
perform only a very small number of airs. But at 
a- series of five, six, eight, or a dozen of tunes, is 
soon, exhausted, it might be a matter of some im« 

Eortance to discover a method by which they might 
e changed at pleasure. 

We agree in opinion with Diderot, who has given 
some observations on this subject, in the work above 
quoted, that this purpose might be answered by con- 
structing the cylinder in the following manner. Let 
it be composed of a piece of solid wood, covered 
with a very hard cushion, and let the whole be 
pushed into a hollow cylinder, of about a line in 
thickness. Cn this inner cylinder draw the lines 
destined to receive the spikes, placed at the proper 
intervals for producing the different tones ; and let 
holes be pierced in these lines at certain distances, 
six for example in each division of the measure if it 
be triple time, or eight in the measure if it be com* 
ipon time,denoted by C : we here suppose that no 
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air is to be set that has shorter notes dian plaia 
quavers. Twelve holes per measure will be requited 
in the first case, and sixteen in the second, if the air 
contains semi-quavers 

It may now be readily conceived that on a cylinder 
of this kind any air whatever might be set ; nothing 
will be necessary for this purpose, but to thrust into 
the holes of the exterior cylinder spikes of the pro» 
per length, taking care to arrange tnem as above ex- 
plained ; they will be sufficiently firm in their places 
in consequence of the elasticity of the cushion *, 
strongly compressed between the inner cylinder and 
the hollow outer one. When the air is to be chang- 
ed, the spikes may be drawn out, and put into a 
box divided into small cells, in the same manner as 
printing types when distributed in the cases. The 
mterior cylinder may then be made to revolve a 
little, in order to separate the holes in the cushion 
from those in the exterior cylinder, and a new air 
may then be set with as much facility as the former. 

We shall not examine, with Diderot, all the ad- 
vantages of such an instrument, because it must be 
allowed that it never can be of much utility, and 
will have no value in the eyes of the musician. It 
is however certain that it would be agreeable, for 
those who possess such instruments, to be able to 
give more variety to the airs they are capable of per-' 
forming ; and this end would be answered by die 
construction here described. 

* Might not cork be employed mstcad of the eusUott 
here proposed f 
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Of some muiical instruments or tnadnims remefrkaUefar 
their sivptlarky «r constructhn. 

* 

At the head of all thoie musicaJ -îmtrumttBlSy 09 
laachifics, we ought doubtkM tq pUce the organ 1 
the extent and variety of the tCNies of whibk wb«k| 
excite much more adroiratiosi, were it not so coo^ 
inon in oar churches ; for» besides the artifice ne« 
eessary to produce the tones by. means .of ktfye» 
what ingenuity must have been required to comriwo 
mechanism for giving that variety of character to 
the tones, \vhich is obtained by means of the ili£s 
fièrent stops, such as those called the voice etop^» 
iute stop, &Ç ? A complete description thereiiore of 
an organ, and of its construction, vpould bs siifi-t 
dent to occupy a large volume. 

The ancients had hydraulic organs, that is^ or* 
gass the sound of which was occasioned by air pro- 
duced by the motion of water. These machines 
were invented by Ctesibius of Alexandria, and his 
scholar Hero, From the description of these hydrau- 
Ec organs, given by Vitruvius, in the tenth book 
of his Architecture, Peirauh constructed one which 
he deposited in the King's library, where the Royal 
Academy of iicic.ices held their sittingSi This in- 
strument indeed is not to be compared to the modern 
organs ; but it is evident that the mechanism of it 
has served as a basis for that of ours. St. Jerome 
speaks with enihusiasm of an organ which had 
twelve pair of bellows, and which could be heard . 
at the distance of a mile. It thence appears that the 
method employed by Ctesibius, to produce air to 
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fill the wind-box, was soon laid aside, for ont more 
simple i that is, for a pair of belbws. 

The performer on the tambour de bas^j and the 
automaton flute-player of Vaucanson, which were 
exhibited and seen with admiration in most parts of 
Europe^ in the year 1749» may be classed among 
the most curious musical machines ever invented! 
We shall not however say any thing of the former 
of these machines, because the latter appears to 
have, been Ëtr more complex. 

The automaton flute player performed several airs 
on the flute, with the precision and correctness of 
the^ most expert musician. It held the flute in the 
usual manner, and produced the tone by means of ' 
its mouth; while its fingers applied on the holes 
produced the diflferent notes. It is well known how 
the fingers might be raised by spikes fixed in a 
cylinder, so as to produce these sounds ; but it is 
diflicolt to conceive how that part could be executed 
which is performed by the tongue, and without 
which the music would be very defecdve. Vau« 
canson indeed confesses that this motion in his 
machine was that which cost him the greatest labour. 
Those desirous of farther information on this sub* 
ject may consult a small work, in quarto, which 
Vaucanson published respecting these maciiines. 

A very convenient instrument for composers was 
invented some years ago in Germany : it consists of 
a. harpsichord which, by certain machinery added- 
to it, notes down any air or piece of music, while ^ 
a person is playing it* This is a great advantage to 
composers, as it enables them, when hiu-ried away 
by the f(^vour of their imagination, to preserve what 
-/' has successively received from their fingers a fleeting 
existence, and what iQtherwise it would oftes be 
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impossible for them to remf mber. A descripdon 
of this machine may be found in the memoirs of 
the Academy of Berlin, for the year 1773. 

ARTICI.E XVII. 

Of a new instrument called the Harmonica^ 

This new instrument was invented in America hj 
Dr. Franklin, who gave a description of it to Father 
Beccaria, wUch the latter published in his works^ 
printed in 1773* 

It is well known that when the finger a little mms- 
tened is rubbed against the edge of a drinking glass» 
a sweet sound is produced ; and that the tone varies 
according to the form, size, and thickness of the 
glass. The tone may be raised or lowered also by 
putting into the glass a greater or less quantity of 
water. Dr. Franklin says that an Irishman, named 
Puckeridge, first conceived the idea^ about twenty 
years before that time, of constructing an insd'ument 
with several glasses of this kind, adjusted to the 
various tones, and fixed to a stand in such a manner, 
that different airs could be played upon them. Mr. 
Puckeridge having been afterwards burnt in his 
house along wiih this instrument, Mr. Délavai con- 
structed another of the same kind, with glasses 
better chosen, which he applied to the like purpose. 
Dr. Franklîn hearing this instrument, was so de» 
lighted with the sweetness of its tones, that he 
endeavoured to improve it; and the result of his 
researches was the instrument which we are now 
going to describe. 

C ause to be blown on purpose glasses of different 
sizes» and of a form nearly hemispherical, hav^ig 



THE HAKMONICil. 45S 

each in thé middle an open neck. The thiduiess of 
the glass, near the edge, should be at most one 
tenth of an inch, and ought to increase gradually 
to the neck, which in the largest glasses should 
be an inch in length, and an inch and a half in 
breadth in the inside. In regard to the dimensions 
of the glasses themselves, the largest may be about 
nine inches in diameter at the mouth, and the least 
three inches, each glass decreasing in size a quarter 
of an inch. It will be proper to have five or six of 
the same diameter, in order that they may be more 
easily tuned to the proper tones ; for a very slight 
difiference will be sufficient to make them vary a 
tone, and even a third. 

When these arrangements are made, try the dif» 
ferent glasses, in order to form of them a series of 
three or four chromatic octaves. To elevate the 
tone, the edge towards the neck ought to be ground, 
trying them every moment, for if tney be raised too 
high, it will afterwards be impossible to lower them. 

When the glasses have been thus graduated, they 
must be arranged on a common axis. For this pur- 
pose, put a cork stopper very closdy into the neck 
of each, so as to project from it about half an inch ; 
then make a hole of a proper size in all these corks, 
and thrust into them an iron aids, but not with too 
much force, otherwise the necks might burst. Care 
must also be taken to place the glasses in such a man- 
ner, that their edees may be about an inch distant 
from each other, which is nearly the distance between 
the middle of the keys of a harpsichord. 

To one of the extremities of the axis affix a wheel 
of about eighteen inches in diameter, loaded with a 
weight of ^om twenty to twenty-five pounds, that 
it may retain for some time the motion commu- 
nicated to it. This wheel, which must be turned 
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fay the same mechanism as that employed to ttint a 
spinning wheel, communicates, as it revolves, its 
mo:ion to the axis, which rests in two collars, one 
at the exrremity and the other at some distance froni 
the wheel. The whole may be fitted into a box ^f 
the proper^ form, placed on a frame supported by 
four feec The glasses corresponding to die sevi^ 
tones of the diatonic octave, may be painted of the 
seven prismatic colours in their natural order, that 
thd different tones to which they correspond may hm 
Biote readily distinguished. 

The perons who plays oa this instrument, is seated 
before the row of glasses, as if before the keys of a 
harpsichord ; the glasses are slightly moistened, and 
the wheel bting made to revolve, communicates the 
same motion to the glasses ; the fingers ^e then ap. 
plied to the edges of the glasses, and the different 
aojunds are by these means produced. It may be easily 
fieen that different parts can be executed with this 
instrument, as with the harpsichord. 
' About fourteen or fifteen years ago, an English 
lady at Paris performed, it is said, exceedingly well 
on this instrument. The sounds it emits are remark- 
ably sv/eec, and would be very proper as an accom- 
paniment to certain tender and pathetic airs, ft is 
attended with one advantage, which is, that the 
sounds can be maintained or prolonged, and made 
to swlsU at pleasure; and the instrument, when 
once tuned, never requires to be altered. It afforded 
great satisfaction to many amateurs ; but we have 
heaid that the sound, on account of its great sweet-* 
ness, became at last somewhat insipid, and for this 
reason perhaps it is now laid aside, and confined to 
cabinets, aiAong other musical curiosities. 

A few" years ago Dr. Chladni, who has made 
vraious researches respecting the theory of sound > 



tnd fhe vibrations of sonorous bodies*, invented a 
new instrument of this kind, to which he gaTe the 
name of euphn. • This instrument has some re- 
semblance to a small writing desk, and contains in 
Che inside 40 glass tubes of (SSerent colours, of the 
thickness of the barrel of a quill, and about sixteen 
inches in length* They are wetted with water by 
means of a spoiage, and stroked with the fingers in 
the direction of their length ; so that the increase of 
the tone depends merely on the stronger or weaker 
pressure, and the slower or quicker movement of 
the fingers. In the back part there is a perpen^ 
dicttlar sounding board, through which the tubes 
pass. In sweetness of sound this instrument ap« 
proaches near to the harmonica ; but seems to be 
attended with advantages which the other does not 
possess. 

I St. It is simpler, both in regard to its construc- 
tion, and the movement necessary to produce the 
sound ; as neither turning nor stopping is required, 
Jt)ut mer cly the motion of the finger. 

ad. It produces its sound speedier ; so that as soon 
as touched the tone may be made as full as the in- 
f crûment is capable of giving it : whereas in the har- 
monica the tones, and particularly the lower ones, 
miisc be made to increase gradually. 

3d. It has more distinctness in quick passages, be- 
cause the tones do not resound so long as in the 
harmonica, where the sound of one low tone is 
often heard when you wish only to hear the fol- 
lowing one. 

4th. The unison is purer than is generally the 
ease in the harmonica ; where it is difficult to have 

* He published a work on this subject entitled, Êfttdâct' 
ungin aber âk Tbiorit des Êanges» Leipsk 1 787. 4to. 
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perfect glassef» vfhlch in every part give like tones 
with mathematical exactness. It is however as diffi- 
cult to be tuned 2^ the harmonica. 

5th. It does not afiea the nerves of the performer ^ 
for a person scarcely feels a weaH agitation in the 
fingers ; whereas in the harmonica, particularly ii^ 
concords of the lower notes, the agitation extends 
to the arms, and even through the whole body of 
the performer. 

6tb. The expence of this instrument will be much 
less than that of the harmonica. 

7th. When one of the mbes breaks, or any other 
part is deranged, it can be easily repaired : whereas 
when one of the glasses of the harmonica breaks, 
it requires much time, and is difficult to procure 
another capable of giving the same tone as the for- 
mer, and which will correspond sufficiently with 
the rest. 

For farther particulars respecting this instrument, 
and the history of its invention, see The Pbilo-^ 
scpbical Magazine^ No. 8, or Vol. II. p. 391. 

ARTICLE XVIII. 

Of svnie singular ideas in regard to music. 

ist. One perhaps would scarcely believe it pos- 
sible for a person to compose an air, though entirely 
ignorant of music, or at least of composition. This 
secret however was published a few years ago, in 2^ 
small work entitled Le Jeu de Dez harmonique^ or 
Ludus Melotbedicusj containing various calculations^ 
by means of which any person, even ignorant of 
music, may compose minuets, with the accom- 
paniment of a ba«s. 8vo. Paris 1757. In this work 
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the author shews how a minuet and its bass may be 
composed, according to the points thrown with two 
dice, by means of certain tables. 

This author gives a method also of performing 
the same thing by means of a pack of cards. We 
do not remember the title of this work ; and we con« 
fess that we ought to attach no more importance to 
it than the author does himself. 

We shall therefore content ourselves with having 
mentioned works to which the reader may have re- 
course, for information respecting this kind of 
amusement, the combination of which must have 
cost more labour than the subject deserved. We' 
shall however observe, that this author published 
another work entided. Invention d^une Manufacture 
€t Fabrique deVen au petit metier^ &c. 8vo. 1759, in 
which he taught a method of answering, in Laiin 
verse, by means of two dice and certain tables, any 
question proposed. This, it must be confessée!, 
was expending much labour to little purpose. 

2d. A physician of Lorrain some years ago, pub- 
lished a small treatise, in which he employed music 
in determining the state of the pulse. He repr&l 
sented the beats of a regular pulse by minuet time, 
and those of the other kinds of pulse by different 
measures, more or less accelerated. If this method* 
of medical practice should be introduced, it will be 
a curious spectacle to see a disciple of Hippocrates 
feeling the pulse of his patient by the sound of an 
instrument, and trying airs analogous by their dme 
to the motion of his pulse, in order to discover its' 
quality. If all other diseases should baffle the phy- 
sician^s skill, there is reason to believe that low spirits 
will not be able to withstand such a practice. 

VOL. 11. H H 
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ARTICI-E XIX. 

Om the Flares formed by Sand and 9lber light StUh- 

stances en. Vibrating Surfaces. 

"Dr. Chladnî of Wittenberg, by his experiment-» 
on vibrating surfaces, published in 1787, opened 
a new field in this department of science, viz, the 
consideration of the curves formed by sand and 
other light bodies, on surfaces put into a state of 
motion. As this subject is curious, and seems 
worthy of farther research, we shall present the 
reader with a few observations on the method of 
repeating these experiments, taken from Gren's 
Journal of Natural Philosophy, vol. III.* 

Vibration figures, as they are called, . are pro- 
duced on vibrating surfaces, because some parts of 
these surfaces are at rest, and others in motion. The 
surfaces fittest for being made to vibrate, are panes 
of glass ; though the experiments will succeed 
equally well with plates of metal, or pieces of 
board, a line or two in thickness. If the surface 
of any of these bodies be strewed over with sub- 
stances easily put in motion ; such for example as 
fine sand ; these, during the vibration of the body, 
will remain on the parts at rest, and be thrown 
from the parts in motion, so as to form mathema- 
tical figures. To produce such figures, nothing i$ 
necessary but to' know the method of bringing that 
part of the surface which you wish «ot to vibrate, 
into a state of rest j and of putting in motion that 

* See also Phil. Mag. No. rz. 
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\¥hich you wîsh to vibrate: on this depends the 
whole expertness of producing vibration figures. 
^ Those who have never tried these experiments 
ight imagine, that to produce fig. 2 pi. 19, it 
would be necessary to damp, in particular,ëvery point 
of: the part to be kept at rest, viz, the tw6 con- 
centric circles and the diameter, and to put in mo- 
tion every part intended to vibrate. This however 
is not the case ; for you need damp only the points 
a and h^ and cause to vibrate one part r, at the 
edge of the plate ; for the motion is soon comtnu- 
nicated to the other parts, which you wish to vibrate, 
spd the required figure will in this manner be pro; 
duced. 

The damping may be best effected by laying hold 
of the place to be damped between two fingers, or 
by supporting it only by one finger. This will be 
more clearly comprehended by turning to fig. 6, 
where the hand is represented in that position ne- 
cessary to hold the plate. In order to produce 
%* 3' y^^ must, hold the plate horizontally, placing 
the thumb above at a^ with the second finger directly 
below it ; and besides this, you must suppon the 
point b on the under side of the plate. If the bow 
of a violin be then rubbed against the plate at c^- 
you will produce on the glass the figure which is 
delineated fig. 3. When the point to be supported 
or damped lies too neai^ the centre of the plate, you 
may rest it on a cork, not too broad at the end, 
brought into contact with the glass in such a man- 
ner, as to supply the place of the finger. It is con- 
venient also, when you wish to damp several points 
at the circumference of the glass, to place your 
thumb on the cork, and to use the rest of your 
fingers for touching the parts which you wish to 
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keep at rest. For example, if you wish to produce 
fig. 4, on an elliptic plate, the larger axis of which 
is to the less as 4 to 3, you must place the cork 
under r, the centre of the plate ; put your thumb 
i^pon this point, and then damp the two points of 
the edge/ and ^, as may be seen fig. 5, and make 
the plate to vibrate by rubbing the violin bovr 
.against it at r. There is still another convenient 
method of damping several points at the edge, 
when large plates are employed. Fig. i represents 
a strong square bit of metal a b, z line in circum- 
fprence, which is screwed to the edge of the table, 
or made fast in any other manner ; and a notch^ 
about as broad as the edge of the plate, is cut into 
one side of it with a file. You then hold the plate 
resting agauibt this bit of metal, by two or more 
fingers when requisite, as at c and d; by which 
means the edge of the plate will be damped in three 
points dj r, ^;'^and in this manner, by putting the 
plate in vibration at/, you can produce fig. 10. In 
cases of necessity you may use the edge of a table, 
instead of the bit of metal ; but it will not answer 
the purpose so well 

To^ produce the vibration at any required place,, 
a common violin bow, rubbed with rosin, is the 
most proper instrument to be employed. The hair 
must not be too slack, because it is sometimes ne- 
cessary to press pretty hard on the plate, in order to 
produce the tone sooner. 

When you wish to produce any particular figure, 
you must first form it in idea on the plate, in order 
that you may be able to determine where a line at 
/ rest, and where a vibrating part, will occur. The 

greatest rest will always be where two or more linei 
intersect each other, and such places must in par- 
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dcular be damped. For example, in fig. 7 you 
must damp the part riy and stroke with the bow 
in /• Fig. II may be produced with no less 
ease, if jou hold the plate at r, and stroke 
with the bow at /. The strongest vibration 
seems always to be in that part of thé edge 
which is bounded by a curve : for example, in fig. 8 
and fig. 9, at/f. To ^produce these figures there- 
fore, you must rub witli the bow at n, and not 
zit. 

You TOUst however damp, not only those points 
where two lines intersect each o Jier, but endeavour 
to support at least one which is suited to that figure, 
and to no other. For example, when you support 
a and i, fig. 2, and' rub with the bow at r, fig. 7 also 
may be produced ; because both these figurés bave 
these two pcnnts at rest. To produce fig. 2, you 
must sApport with one finger the part ^, and rub 
with the bow in c ; but fig. 7 cannot be Produced 
in this manner, because it has not ^ the poihi è at 
rest. 

One of the greatest difficulties in producing the 
figures, is to determine before-hand the vibrating 
and resting points which belong to a certain figure, 
and to no other. Hence, whc^ one is not aUe ta 
damp those points which distinguish one figure 
from another, if the violin bow be rubbed a'g^hst 
the plate, several hollow tones are heard, without 
the sand forming itself as expected. You must 
therefore acquu'e by experience a readiness, in beihj^ 
able to search out among these tones, that which 
belongs to the required figure^ aiid to produce it on 
the plate by rubbing the bow against it. When you 
have acquired sufficient expertness in this respect, 
you can determine before-hand, with a considerable ^ 








